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WHAT ARE THE FITTEST? 
I. A MISCHIEVOUS FALLACY 


By Dr. R. E. COKER 


KENAN PROFESSOR OF ZOOLOGY, UNIVERSITY OF NORTH CAROLINA 


Are fitness and ruthlessness equiva- 
lent? Man has long been distinguished 
from other animals by the development 
of language as one of the most impor- 
tant means of communication, and now 
he has devised such efficient methods of 
transmitting language that any sequence 
of words ean be broadeast over the whole 
world to be received everywhere at al- 
most the same instant. Never in the his- 
tory of the world has there been such a 
plethora of words in print, in forums 
and committee meetings and everywhere 
all the time throughout the cireumam- 
bient atmosphere. Words are intended 
to promote understanding and theoreti- 
cally there should have ensued an equally 
unprecedented development of common 
understanding and cooperation among 
the peoples of the terrestrial globe. Yet 
there has probably never been a time 
when there prevailed greater divergence 
of thought among people or greater want 
of agreement in interpretation of words 
that are in daily use—ordinary words 
like democracy, communism, freedom, 
the right to work or social order.’ It is 





1 Merely for illustration, with no wish to be 
eritieal but rather with a truly inquiring mind, 
the writer would ask: Why in the minds of some 
is it a erime against democracy and a denial 
of freedom to require the payment of a dollar 
for the right to vote, and the very acme of 
democracy and sublimation of freedom to re- 
quire a fee of twenty-five dollars, or much more, 
for the right to work or to vote on the condi- 


a paradoxical situation: we have an un- 
precedented let-down of physical bar- 
riers to inter-communication and mutual 
understanding associated with a hitherto 
unknown state of conflict between na- 
tions and diversity of opinion concern- 
ing facts and principles of social rela- 
tions. Instead of promoting general con- 
cert of thought and harmony of action, 
words seem to have contributed to con- 
fusion and to the instigation of human 
behavior worse than that of animals not 
blessed or cursed with the powers of 
language. 

The trouble seems to be in the lack of 
words or in our capacity to ingest them, 
but rather in the capacity to digest the 
words we hear and read, that is to say, 
to use them intelligently, critically and 
honestly. We are perhaps 
word-drunk. 

In this article we consider a particular 
sequence of five words that once em- 
bodied a particular idea but that came 
to be used to convey another meaning, 


becoming 


with consequences in behavior patterns 
that actually threaten the future of man- 
kind. I refer to ‘‘the survival of the 
fittest,’’ Herbert Spencer’s translation 
of Charles Darwin’s ‘‘Natural Selee- 
tion.’’ Fittest and strongest were never 





tions of work? Whatever may be right in either 
case, it seems only too obvious that we do not 
all use the same words with even approximately 


the same meanings. 
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intended to be synonymous terms in 
biology; or, to paraphrase, with apology 
for slang, fit’n’st and fight’n’st are not 
the same thing. 

Naturally the question arises who is to 
say what these words mean and why may 
not the meanings attached to them by 
one group have just as much validity as 
those assigned by another? Well, those 
of us who are biologists are saved em- 
barrassment in answering this question 
by the fact that those who misuse the 
term frequently say frankly, or imply, 
that they base their particular interpre- 
tation on its general biological interpre- 
tation. Since this alleged principle of 
perpetuation has recently been assuming 
greater and greater historical signifi- 
eance, biologists may fail in their re- 
sponsibilities to the thinking world if 
they do not try to make clear to states- 
men, historians and philosophers, to 
speakers and writers in general, either 
that they accept a common connotation 
or that the conventional use of the term 
‘‘survival of the fittest’? has not, and 
has never had, the sanction of those pri- 
marily oceupied with analysis and in- 
terpretation of biological phenomena.’ 
Biologists have indeed spoken out about 
this misconception, but, if we are to 
eatch up with a wide-spread error, we 
may need to be more frequent and more 
vigorous in our educational effort with 
respect to a basic biological principle. 
Perhaps, in a way, while occupied with 
our own special business, we have let a 
false interpretation of biological thought 
vo by default. It is indeed possible to 
give practical actuality to a false stand- 
ard. You and I do not believe that sue- 
cessful banditry is a fair eriterion of 
fitness to survive; but bandits can and 
frequently do make toleration or non- 
toleration of that mode of disorder a 
In this case 


genuine test of survival. 
the practice of banditry may properly 
be designated a pseudo-criterion and, un- 


2 Even though a few biologists may have ac- 
cepted the substitute definition of the term. 


THE SCIENTIFIC MONTHLY 


der proper social conditions, it should 
affect the survival only of the few ban. 
dits, and that negatively. 

It is well known that a very common 
lay interpretation of ‘‘natural selec. 
tion’’ or ‘‘the survival of the fittest’? js 
identified with the supposed principle 
of ‘‘tooth and claw” or with the alleged 
‘law of the jungle’’ promulgated by 
those who never saw a jungle. We all 
know that this interpretation by whole 
nations, not indeed by all citizens of 
any nation (for no principle of action 
is ever recognized by all whose action it 
governs), but at least by a large and 
effectively influential portion of some 
nations, has now made the supposed rule 
of ‘‘the survival of the fittest’’ in threat 
and combat the basis of national policy, 
We know, moreover, that such a defi- 
nition is accepted by a great number 
of otherwise competent non-biological 
thinkers as well as by some who do very 
little or only second-hand thinking. The 
not uncommon linkage of international 
war and the principle of natural selec- 
tion was painfully exemplified recently 
by a radio speaker who, in concluding 
a somewhat dramatie narration of war 
news, exclaimed: ‘‘What a pity that 
Charles Darwin was ever born!’’ Thus 
exposing an appalling ignorance of 
Darwin! 

Origin of the term “survival of the 
fittest.”’ The law of the survival of the 
fittest, for, properly conceived, it is a 
law and not a theory at all, necessarily 
involves no such notions as those just 
mentioned ; indeed it may even cry out 
against them. What Darwin was at- 
tempting to do, as is well known, was 
to develop an acceptable thecry of the 
origin of species. What he actually did 
was to assemble a prodigious store of 
observational data—facts that any one 
might verify by the use of one’s God- 
given senses—to lay these facts on the 
foundation of certain broad and indis- 
putable premises, and thus to construct 
a factual edifice which any one might 
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behold and employ in the search for an 
answer to the original question. Dar- 
win himself was led to a particular sort 
of answer, this being the origin of spe- 
ejies through descent with modification, 
with all plants and animals having uni- 
versal kinship through common origin. 

We are not coneerned now with Dar- 
win’s answer but only with the premises 
and chiefly with a particular premise. 
The premises, which we have recently 
characterized as indisputable, are four. 
The first is the general principle of 
heredity—like begets like. No one dis- 
putes that. Of course, Darwin and his 
early followers could not know all that 
we now know about heredity or about 
variation or how they are so intimately 
related as to be merely different aspects 
if the same thing. We analyze heredity 
differently now in the light of knowledge 
vained since Darwin’s time. We know 
that resemblanees between parent and 
offspring are not every one to be re- 
varded as falling within the technical 
category of inheritance; that is to say, 
as owing their origin to common descent. 
Yet the general idea of heredity is still 
admissibly sound; one does not have to 
be an evolutionist, a biologist or even a 
civilized man, to know that if you want 
acrop of corn you plant corn, not wheat; 
if you want hound dogs you breed hound 
dogs, not eollies. 

The second premise was described as 
“variation.’’ This is a common word 
having more than one meaning, but here 
employed in one special sense. It is a 
fair presumption, however, that, when 
we speak of variation in connection with 
the origin of species, every one under- 
stands that we refer, not to variation in 
the sense of change, as when we speak 
of variable stars, but rather to differ- 
ences between organisms, even between 
those having the closest kinship. No two 
are exactly alike. 

As with heredity, so with variation in 
the special sense, we now, in the light 
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of fuller information, analyze the dif- 
ferences between individuals differently 
from the way they were analyzed 75 
years ago. We know that some of the 
differences are heritable in the sense that 
they have characterized ancestors and 
may be expected to reappear in the off- 
spring regardless of differences in envi- 
ronment. We know that some features of 
structure or behavior can be accounted 
for through the conditions under which 
the particula. animal has lived and may 
not be expected to reappear in the next 
generation, except as the progeny has 
similar environmental conditions, and 
that the same characters may just as 
likely appear in the progeny, appropri- 
ately environed, of ancestors that never 
displayed them because they had not had 
the environment necessary to bring out 
such qualities. We do not, of course, 
say that heredity has nothing to do with 
environment-induced characters, because 
we know it has. We observe, further- 
more, that some variations have more 
significance than others for survival, for 
transmission and for contribution to evo- 
lutionary change. Nevertheless, no one 
denies the fact of variation or its gen- 
eral significance. To cite only a single 
example, every one knows, at least in a 
general way, about fingerprint identifi- 
cation and must realize that such a tech- 
nique of identification would fail of its 
purpose if two men were exactly alike. 

The third premise was that of over- 
production. When we consider: that an 
oyster may liberate several million eggs 
in the course of its life, whereas, on the 
average, only one or a pair must ulti- 
mately survive; that a healthy oak in its 
long life may produce a million acorns; 
that some plant lice may have twelve 
generations a year at a hundred a gen- 
eration, giving a total potential family 
from one plant louse of ten sextillion; 
when, with awareness of these and hosts 
of similar phenomena, we contrast the 
potentialities of infinite crowding with 
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the obvious fact that populations re- 
main relatively unchanged throughout 
the centuries, we can not fail to recog- 
nize the general prevalence of overpro- 
duction. For every kind of animal or 
plant, potentialities vastly exceed actu- 
alities so far as populations are con- 
cerned. 

We are thus led inevitably to the 
fourth premise. Since mass elimination 
must be and is a part of the order 


of nature, the small proportion of the 
young of any species that survive and 
propagate are, as a general but not ab- 
solute rule, those that have some advan- 
tage for survival and reproduction. To 
say that organisms possessing some ad- 


vantage for survival and reproduction 
have no more chance of survival and 
self-perpetuation than those which are 
disadvantaged is to utter plain nonsense. 
An apology may be required for treating 
this question in so elementary a way, but 
one is continually surprised to find those 
who think of the survival of the fittest as 
a theory rather than an axiom. All that 
the ‘‘survival of the fittest’? means, or 
was ever intended to mean in biological 
thought, is that those best fitted to sur- 
vive under the prevailing conditions 
will, by and large, be those that survive 
and reproduce. You may not like it, but 
you can not change it. It is good biblical 
doctrine; ‘‘He that doeth these things 
shall not be moved’’; ‘‘the way of the 
ungodly shall perish’’; These ‘‘shall 
have everlasting life,’’ those ‘‘shall be 
east into outer darkness.’’ In any re- 
ligious, ethical or seientifie system it is 
conceived that those who measure up to 
existing standards endure, those who do 
not are lost: there are criteria of sur- 
vival, whether fixed or changing. 

Who are the fittest? The real ques- 
tion arises not as to the principle of the 
survival of the fittest, but rather as to 
the qualities that make for fitness to sur- 
vive, to populate the earth and to pro- 
gress, that is to say, to grow progres- 
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sively in the characteristics that hay 
demonstrated fitness. Here we enter 
into the realm of opinion, and opinions 
will generally be based upon observa. 
tion, inference, logie and, to be sure, in 
no little part, where the survival of man 
is involved, upon a reasonable faith: for 
it is another characteristic of man that 
he has ideals and faith, although the 
effect of his faith on his behavior in a 
group is most variable. With respect to 
mankind there may be diverse theories 
as to the conditions of survival, but it 
seems clear that any and all opinions fal] 
necessarily into one of two opposing 
groups, and it may make a great differ. 
ence what type of opinion any great 
group of people has; because man is 
again distinguished from lower animals 
by his notable capacity to modify his 
behavior or to have it modified under th 
influence of abstract opinions. It is 
really important, therefore, that actual 
or expressed principles of action be crit- 
ically examined and appraised for their 
potentially good or bad effeets on hn- 
man behavior and on ultimate human 
welfare. 

There is, for example, the expressed 
opinion that survival is best assured by 
aggressive combativeness carried even to 
the extreme or unscrupulous and merci- 
less brutality. The behavior pattern 
governed by this theory of action has 
even been alleged to be a direct corollary 
of the theory of progressive evolution 
through natural selection. It might take 
us too far afield to go now into the facts 
and arguments which would establis! 
the complete fallacy of such an allega- 
tion. Darwin needs no defense; but, s 
that the thoughtless ascription to him of 
such a conception of the conditions 0! 
survival and evolution may not go b) 
default, I quote a few sentences from his 
book entitled ‘‘The Descent of Man.” 
In this book he suggests (p. 79) that. 
had man been derived from ‘‘an anima! 


possessing great size, strength and fe- 
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rocity,’? he ‘‘would not perhaps have 
become social; and this would most effee- 
tually have checked’ the aequirement of 
the higher mental qualities, such as 
sympathy, and the love of his fellows.”’ 
A compensatory advantage for want of 
strength and speed he finds in ‘‘his so- 
jal qualities, which lead him to give 
and receive aid from his fellow man.’’ 
Again he says (p. 142, edition of Collier, 
1900) : 

The moral sense perhaps affords the best and 


thest distinetion between man and the lower 


ynimals; but I need say nothing on this head, 
as I have so lately endeavored to show that the 
social instinets—the prime principle of man’s 
moral constitution—with the aid of active intel- 
lectual powers and the effects of habit, naturally 
lead to the golden rule, ‘‘As ye would that men 
should do to you, do ye to them likewise;’’ and 
this lies at the foundation of morality. 

Darwin did not overlook the fact that 
man has been socially cooperative in in- 
ter-tribal combats, or the fact that man 
has never attained any degree of per- 
fection as a social organism, but rather 
‘‘man still bears in his bodily frame the 
indelible stamp of his lowly origin,’’ 
and, by implication, also in his social 
frame. According to Darwin, man owes 
his civilization in no small part to be- 
ing social, cooperative and kindly. It 
may be that he was all wrong in this 
opinion, or that he overemphasized the 
social qualities, but at least it is non- 
sensical and libelous to ascribe to him a 
view that is the exact converse of the 
one he has so well expressed. 

We have a theory that the necessity of 
survival makes imperative a habit of ag- 
gression, subjugation and exploitation, 
and we have what may be called the Dar- 
Winian view, or the biological contention, 
that man has attained his present state 
of development primarily through his so- 
cial, cooperative and altruistic qualities. 
In deseribing the latter concept as ‘‘the 
hiological view’’ it is not meant to imply 
that it is held exclusively by biologists, 
or that it was originated by them, but 


merely that it is the view which arises 
inevitably from the contemplation of 
biological phenomena by those directly 
concerned with the social behavior of 
animals. The broad and fundamental 
significance of cooperation in all kinds 
of animals is so large a subject that it 
would be impossible now to go into it 
extensively, but others of greater com- 
petence have already done so, as Kro- 
potkin, Patten and Allee, and many 
others. There may be added here a 
suggestion of the fact that the great 
majority of animals never apparently 
set out to exterminate or subjugate their 
own kind. I wish that some proponents 
of the Germanic interpretation of ‘‘the 
survival of the fittest’? would point out 
a few cases in nature where animals do 
this. The few groups of ants that have 
the practice of enslaving ants of differ- 
ent species offer no exception to the rule. 
The most successful of nature’s experi- 
ments in production of a diversity of 
kinds and large populations is found 
among the insects and their relatives, 
which almost never engage in intra-spe- 
cific warfare. The moths, the butterflies 
and the birds that come so frequently 
and often so delightfully to our at- 
tention offer conspicuous examples of 
survival in numbers while living with- 
out the urge to destroy or to subjugate 
others of their kind. 

I wish we had space to consider the 
implications of the familiar struggle for 
existence, the combats for mates and 
the predator-prey relationships which, 
by the way, are usually mutually bene- 
ficial to the species involved. The reader 
may guess that this writer does not hold 
with a Chinese philosopher who char- 
acterized the lion as wicked because it 
fed upon other animals, but rather with 
the Hebrew philosopher who heard the 
‘‘voung lions roar after their prey and 
seek their meat from God.’’ It is con- 
ceded that one so inclined may argue 
from the predator-prey relationships in 
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nature that there is justification for any 
people who feel it to be in the interest 
of their well-being to enslave others. 
One may make such an extension, but, 
in doing so, enters a realm of opinion 
or erects a personal social theory, and 
obviously does not follow an inevitable 
path of logic in the field of biological 
data. It is argument by analogy, and 
analogies are suspect. 

On the one hand, then, there has been 
the theory of survival through aggres- 
sion and the exercise of brute force, and, 
on the other, until recently at least, a 
wide-spread tendency to give lip service 
to the assumed superiority of the so- 
ealled higher qualities of cooperation, 
justice, merey, honor and brotherly love. 
In contrast to the dogma that ‘‘might 
makes right’’? the Golden Rule has been 
taken as an ideal of perfection. No one 
has denied the value of this rule as a 
standard in human relations, although 
few may have practiced it with any high 
degree of fidelity. 


Now with the choice between prin- 
ciples of cooperation and mutual help- 
fulness on the one hand and of selfish 
aggression on the other, there is little 
doubt as to what would be the answer of 


almost every one of us. Furthermore, I 
believe not the shadow of a 
doubt but that, in the long run, survival 
for groups of men will be the reward of 
those who have the greatest capacity for 
social organization, whose behavior best 
exemplifies the ideal of joint action for 
the common good rather than that of 
exploitation for the assumed good of a 
favored few, and who have the will and 
the virility to maintain an endurable 
order. I am not a historian but I am 
strongly inclined to the belief that his- 
tory supports this conviction. The 
career of the human race is indeed a 
conspicuously chequered one. War for 
subjugation, exploitation, dishonesty, 
brutality and other illustrations of as- 
sumed disreputable behavior have always 


there is 
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been more or less in the order of the day. 
But, at the same time, and at al times. 
there have been notable displays by jp. 
dividual and groups, of what we are 
pleased to call the humane qualities, find. 
ing effect in religion, in education, jy 
legislation and sometimes in business or 
in just plain everyday human relations 
Old-time books of history emphasized 
wars, robberies, exploitations and break. 
ines of faith, with only incidental ally- 
sion to the social and moral phenomena 
characterizing the periods under consid- 
eration, and this sometimes in 
print appendixes to chapters; hence the 
aptness of the saying, ‘‘Happy is the 
people that has no history!’’ Such his- 
tories must have been wrong, for human 
societies could not at different times have 
progressed to such advanced stages as 
have repeatedly been realized had not 
the constructive forees generally pre- 
dominated over the destructive ones. 
Could great cultures have developed 
without some measure of dominance of 
energies directed toward justice and 
human welfare over energies directed at 
subjugation and_ exploitation? l 
have not declines of empires begun when 
the balance was reversed? 
raged in conquest but also in the 
provement of human relations with the 
development of a practical science of 
jurisprudence that had no equal then 
or for a thousand years after. Its broad 
empire rested in part upon aggression, 
but also in part upon the fact that sub- 
stantial numbers of people lived better 
under Roman rule and had some partici- 
pation in the rule. It was not the loss 
of an urge to aggression or the decline 
of combat-effectiveness in the Praetorian 
Guard and other armies that undermined 
a great empire; it was rather the social 
disorganization of the whole state, the 
going wild of the spirit of survival 
through conquest, conquest of foreign 
peoples and of domestic rivals, that pro- 
gressively weakened and destroyed a 


small- 


Rome 
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oreat empire. An unending series of 


struggles that pitted group against 
croup, leader against leader, army 


against army, not in argument and ri- 
yvalry for moral and political support, but 
in the false tacties of ‘‘tooth and eclaw,”’ 
sapped the power that had rested upon 
cooperation and a considerable measure 
of respect for order and justice. The 
British Empire has engaged in conquest, 
but unquestionably its power and its 
persistence have derived more from what 
it has given than from what it has taken. 
Remove from its contribution to history 
the ideals and the practices, imperfect 
of course, in respect to liberty and jus- 
tice, and Britain would be as much an 
empire as Roumania or Bulgaria. 

We anticipate the reply: ‘‘Granted, 
but had Rome and Britain not engaged 
in conquest they might have been as 
ereat empires as Denmark and Sweden.”’ 
In referring to great societies that devel- 
oped in the past it has not been meant 
to imply that, under the conditions of 
the times, their greatness stemmed from 
one cause alone, even if we may see one 
form of behavior contributing in greater 
measure to the rise and maintenance of 
imperial greatness and another taking 
ascendeney in the wane. To me it seems 
a somewhat academic question whether 
war, pestilence, famine, infanticide and 
human saerifice were once useful and 
necessary to the control of populations 
and the effective organization of society. 
The past is instructive but not a com- 
plete guide for the future. Conditions 
change and man, the most adaptable of 
all creatures, makes new and unexpected 
adjustments. If one’s grandfather was 
a wealthy philanthropist of high social 
prestige, who was finally hanged for 
having been a horse thief, it does not 
follow that to attain wealth and prestige 
one should begin by being a horse thief. 
If I had the problem of restoring the 
Roman Empire I should think it impor- 
tant to distinguish carefully between the 





behavior which led to real greatness and 
that which contributed most to the fall, 
a distinetion which Mussolini has not 
seemed careful to make. 

The plain fact is that man is an ex- 
traordinarily imperfect social being. No 
one can take a candid objective look at 
the human species in comparison with 
others and not see in our own kind mal- 
adjustments to social life that have no 
real parallel in less highly socialized spe- 
cies, displays of ‘‘brutishness’’ that can 
not be matched in the behavior of lower 
animals. What animal species would 
find continued delight in eruelties to its 
own kind that serve no genuinely useful 
purpose? And human history abounds 
in such ecruelties. What animal would 
deliberately choose the most prolonged 
and excruciatingly painful modes of tor- 
ture and execution of their fellows as is 
recorded in the history of man, not in 
the past alone but in the very present? 
It is unfair to dumb brutes to describe 
some human actions as ‘‘brutish.’’ 
Actions that characterize some types of 
men would more appropriately be called 
‘‘human’”’ than ‘‘brutal’’ or ‘‘beastly’’; 
but we much prefer to call them ‘‘in- 
human,’’ thus saving our self-respect 
without insult to wild beasts. 
the explanation of ‘‘man’s inhumanity 
to man’’ is to be found in the fact that 
the possession of greater capacity for 


Doubtless 


social control carries with it the greater 
eapacity for social disorder. The higher 
the ascent the greater the possible fall. 
Our most vicious qualities may not, after 
all, have ‘‘the indelible stamp of man’s 
lowly origin,’’ but may rather be abnor- 
mal distortions of the higher qualities we 
have gained. If it is not a fallacy to say 
that inhumanity (in-human-ity) is in- 
crained in human beings, it is at least a 
contradiction in terms. 

It is desirable to think of this distine- 
tion because it is apparent that some of 
man’s vicious qualities, whether in- 
grained or not, armed as they may be 
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with modern weapons and means of de- 
struction, may bring about a real degra- 
dation of human society. It is becoming 
increasingly necessary that the expres- 
sions of social maladjustment involving 
whole nations should be brought under 
control if such control is within the pos- 
sibilities, and we shall consider that ques- 
tion farther on. Fortunately, as has 
been previously suggested, man has the 
capacity to change patterns of behavior 
under the influence of ideas and ideals 
and to control a minority of misfits, 
comprising those who, through mental 
or moral obliquity, or through miscon- 
ception of the requirements for sur- 
vival, have established pseudo-criteria to 
threaten human society as a whole. The 
real criterion for mankind is not that 
which any individual or group chooses 
to set up, but is rather the willingness 
of people in general to endure certain 
modes of behavior and the capacity for 
effective cooperation in maintenance of 
a tolerable world order. We preach and 
we respect toleration, but there develop 
conditions in which toleration becomes a 
fetish and a large and crushing measure 
of intolerance is the only salvation. 

It should be apparent that under any 
free working of the alleged principle of 
survival of the strongest and most com- 
bative, there could be no survival. If 
the stated criterion were adhered to 
there would finally be one man, who 
could not live indefinitely. Quite ob- 
viously survival is assured only when 
there is agreement among a large num- 
ber or a few on some policy of ‘‘live and 
let live.’’ The ultimate criterion of sur- 
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vival would be a conception of sgocia] 
order or, at worst, an unconscious sur 
render to the necessity for such. At 
what stage in the condition of disorder 
the acceptance of the valid criterion 
takes effect, and the extent to which 
there is partial or complete subordina- 
tion of the initial criterion (the pseudo. 
eriterion), will vary with historical time. 
with place and with the state of develop. 
ment of human culture. Consequently, 
we have, under different conditions, a 
dominant tribe or federation of tribes, 
a Babylonian or Roman empire, a ruling 
class, ecclesiastic, patrician or pro- 
letariat, perhaps some future empire or 
federation, or conceivably we may yet 
have—who knows?—a human empire 
with rights and privileges not restricted 
to Germans, Japanese, British, Russians 
or Americans, not vested in priests, 
nobles, capitalists or laborers. The last 


concept seems idealistic beyond the fond- 
est dreams of practicability, but, unless 
I mistake the signs, necessity will not be 


long in driving us farther in that direc- 
tion than we have ever dreamed of going. 
Do we not need an ‘‘esprit du corps,”’ 
that applies to a much larger ‘‘corps’’- 
a spirit of loyalty to our kind conceived 
more broadly than we yet have con- 
ceived? The question is asked realisti- 
cally rather than idealistically; for we 
may be compelled to face it, and very 
soon. In the continuation of this dis- 
cussion, let us try to see what biological 
orientation, if any, can be found in a 
condition of social disruption which has 
no real precedent in human or biological 
history. 
(To be concluded) 
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INFANTILE PARALYSIS: THE INCITING AGENT 
AND SPECIFIC SERUM TREATMENT' 


By Dr. EDWARD C. ROSENOW 


PROFESSOR OF EXPERIMENTAL BACTERIOLOGY, 


Tue deplorable nature of the handi- 
eap, paralysis, and the high death rate 


which often results from attacks of 


poliomyelitis that occur so frequently at 
the very onset of life have made this 
disease—aptly named infantile paralysis 
—perhaps the most dreaded of all the 


infectious diseases. Its prevention and 
eure have been one of the major prob- 
lems of medical science ever since 1840 
when it was first recognized as a distinct 
disease. The solution of this problem 
has been beset with difficulties inherent 
in the very nature of the disease and its 
causative agent. Poliomyelitis often oe- 
curs in sporadic and epidemic form far 
remote from other cases. The symptoms 
and signs at the onset of illness, before 
the deplorable paralysis occurs, are 
usually not sufficiently characteristic to 
be recognized readily, thus making early 
treatment difficult. The discovery in 
1909 that the causative agent is a filtrable 
virus was the first great advance in the 
study of the problem. Bacteriologie 
studies which were yielding important 
results at that time were dropped forth- 
with because it was thought—and quite 
naturally—that any organism which 
could be seen and which could be eulti- 
vated on artificial culture media could 
no longer be considered as having sig- 
nificance in poliomyelitis. For seven 
years, 1909 to 1916, intensive studies on 
the mysterious virus, made under the 


1 Names of authors and references to contribu- 
tions in studies of poliomyelitis will not be given 
in this paper since they have been recorded else- 
where. Details and statistical figures of many 
experiments have been recorded in the medical 
literature and for the sake of brevity will be 
omitted, in large part, in this report. In all 
instances the number of experiments was suffi- 
ciently large to warrant the conclusions drawn. 


495 


MAYO FOUNDATION 


most favorable auspices and by the 
greatest of scientists the world over, re- 
vealed important information as to the 
nature of this dread disease, the manner 
or route by which virus gains entrance 
into the body, and its specifie localiza- 
tion in that part of the nervous system 
on which locomotion or function of 
muscles depends. 

During this same period, studies of 
my own on the behavior of pneumococci 
and streptococci, the causes of different 
disease entities, yielded a mass of evi- 
dence indicating their mutability and 
their ever changing character when 
placed under diverse conditions. 
have been 


essential 


These 
basie observations corrobo- 
rated since in 
various investigators. As 
size, shape and growth 

were induced by subjecting these organ- 
isms to stress and strain in the test tube 
and in animals, under conditions in 
which relatively few organisms survived, 
marked changes of virulence and loealiz- 
ing power occurred. Moreover, strepto- 
cocci that had been isolated freshly by 
special methods, and filtrates of these 
cultures, often produced extremely spe- 
cific effects on intravenous injection into 
This was especially true in 


respects by 
changes of 


requirements 


animals. 
experiments with the streptococci iso- 
lated from infected teeth and tonsils and 
from cerebrospinal fluid of patients in 
studies of a very painful 
shingles or herpes zoster (acute poste- 
rior poliomyelitis). Herpes, or blister- 
ing of the skin in the involved area, 
associated with severe pain due to loeali- 
zation and lesions in the posterior or 
sensory roots of the spinal nerves and 
posterior columns of the spinal cord, 
was produced experimentally with the 


disease 
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living streptococcus and with filtrates of 
active cultures. 

These and other similar observations 
led to the birth of a new concept regard- 
ing the nature of the inciting agent of 
poliomyelitis—that perhaps streptococci 
having specific affinity for the cells of 
the spinal cord which control locomotion, 
and other distinctive properties, might 
have causal relation to this disease, 
despite the fact that the inciting agent 
had been shown to pass through poree- 
lain and other bacteriologie filters. F'il- 
trability of inciting agents of disease 
and inability to demonstrate organisms 
in filtrates by the methods then avail- 
able, I reasoned, did not imply neces- 
sarily that viruses were distinct entities 
wholly unrelated to bacteria, as was then 
and is still usually considered. 

Opportunity was afforded me to put 
to the test this basic concept through the 
auspices of the Mayo Foundation and 
the New York Hospital. With mingled 
feelings of fear and high hopes, the op- 
portunity was embraced during a small 
outbreak of poliomyelitis in Rochester, 
Minnesota, and during the large epi- 
demic of poliomyelitis in New York City 
in 1916. 


ISOLATION AND DEMONSTRATION OF 
THE STREPTOCOCCUS 


By special methods used successfully 
in a study of other diseases and described 
in the medical literature, a streptococcus 
was isolated from the nasopharynx or 
tonsils in each of seven eases of polio- 
myelitis that occurred in Rochester, and 
consistently from the nasopharynx and 
tonsils of many children who survived, 
and from emulsions and sometimes from 
filtrates of emulsions of brain and spinal 
cord of nineteen persons who had sue- 
ecumbed to poliomyelitis during the epi- 
demic in New York. Excitement was 
high during the course of these studies 
as cultures continued to yield the strep- 
tococeus, always of the same type—often 
extremely pleomorphic, that is, large 
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and exceedingly small forms sometimes 
in the same chain—and as, in turn. 
young cultures of the freshly isolated 
streptococcus yielded specific results jy 
inoculated animals. Symptoms and 
lesions such as occurred in these studies 
were almost never encountered during 
the course of many similar experiments, 
before and since, after identical inocyla- 
tions of streptococci isolated in studies 
of diseases other than poliomyelitis, 
Similar results were obtained by several 
other workers in consequence, but despite 
these striking results the bacteriologic 
study of this disease by adequate meth- 
ods has not again been considered sgeri- 
ously by other investigators in this field. 
There is perhaps no better illustration 
in all medical science of the profound 
influence which point of view or concept 
has had on the solution of a problem 
than is given by the diverse studies on 
poliomyelitis. 

Having consistently isolated a certain 
type of streptococcus in epidemie polio- 
myelitis as it occurred spontaneously in 
human beings, my co-workers and I im- 
mediately applied our methods to a bae- 
teriologic study of experimental polio- 
myelitis in monkeys induced by the 
intracerebral inoculation of emulsions or 
filtrates of emulsions of spinal cord tis- 
sue of persons or monkeys that had 
succumbed to poliomyelitis. The same 
type of streptococcus was isolated in 
these studies. Moreover, the streptococ- 
cus, in the form chiefly of diplococei of 
varying size, was demonstrated consis- 
tently by us and by others in the lesions 
of the spinal cord of patients who had 
succumbed to poliomyelitis and of mon- 
keys that had died from exp2rimental 
poliomyelitis, and was proved absent in 
sites remote from lesions. 


PREPARATION AND USE OF THE POLIO- 
MYELITIS ANTISTREPTOCOCCIC SERUM 


On the basis of these additional results 
and the absence of any highly effective 
method of treatment of poliomyelitis, we 





Imes 
urn, 
ited 
sin 
and 
lies 
‘ing 
nts, 
la- 
lies 
tis, 


ral 


INFANTILE PARALYSIS 497 


immunized horses, at first with freshly 
isolated strains of the living streptococ- 
cus from patients, and later, after the 
epidemic had subsided, with strains 
freshly isolated from time to time dur- 
ing the period of immunization (seven 
months) from the spinal cords of mon- 
keys that had succumbed to experimental 
poliomyelitis after inoculation of virus. 
At the end of the period of immunization 
the antistreptocoecie serum, in extremely 
high dilutions, was found to agglutinate 
specifically the poliomyelitie type of 
streptococcus, which is an accepted mea- 
sure of antibodies or of curative proper- 
ties usually present in antiserums. In- 
travenous and intramuscular injeetions 
of the serum protected rabbits against 
inoculation of the streptococcus and pro- 
tected monkeys against inoculation of 
poliomyelitie virus. The need for a 
curative serum was especially great 
then, as now, because even though con- 
valescent poliomyelitis serum were effec- 
tive it could not solve the problem, since 
the disease would have to continue to 
occur with its dire consequences to assure 
a supply of serum. 

The first opportunity to use the anti- 
streptocoecie serum in the treatment of 
patients oceurred in the summer of 1917 
during an epidemie of poliomyelitis in 
Davenport, Iowa, and surrounding coun- 
try and nearby towns. The results from 
its intravenous injection in the treatment 
of fifty-eight patients suffering from 
poliomyelitis were most gratifying. The 
findings, the amount of serum adminis- 
tered and the effects noted in each case 
treated were reported in detail at that 
time. It was truly encouraging to see 
patient after patient respond to the in- 
jection of this newly developed anti- 
serum. Physicians, whose patients were 
seen in consultation and treated in their 
homes with the serum, were as impressed 
as we were. Diagnosis was made on the 
clinical history, physical examination 
and characteristic findings on immediate 


examination of the cerebrospinal fluid 
at the bedside. The serum was adminis- 
tered at once after the diagnosis was 
established. 

The type of the disease in this epi- 
demic was unusually severe. A _ high 
incidence of paralytic cases occurred. 
The mortality rate in the untreated 
group of twenty-three patients was 35 
per cent. Of the fifty-eight patients 
receiving the serum, ten (17 per cent.) 
died. Excluding seven of the fatal cases 
in which the patients were practically 
moribund at the time of the first serum 
treatment, there were three deaths (6 
per cent.)—in all of which the serum 
treatment was begun late—among fifty- 
one cases in which the serum could pos- 
sibly have beneficial action. Paralysis 
did not develop in any of nineteen 
patients to whom serum treatment was 
given before its onset, and all nineteen 
patients recovered. Extension of paraly- 
sis rarely occurred among patients who 
recovered and in whom paralysis, often 
far advanced, was present at the time of 
the first serum treatment. Patients in 
the early stages of the dreaded bulbar 
type of the disease, with early difficulty 
in swallowing and breathing; patients 
having the ascending spinal type with 
almost complete flaccid paralysis of all 
extremities and with difficulty in breath- 
ing due to involvement of the nerve 
centers of the muscles of respiration, and 
even patients in the early stages of par- 
1ial or complete coma often responded 
favorably to administration of the serum. 

In order that the readers of this aec- 
count may understand better the signifi- 
cance of what has been found, and that 
they may not forget the human side of 
science, I can not but report in some 
detail the happy result obtained in the 
vase of one large family group on a farm 
in which two sisters, four and eight years 
of age, were stricken with this disease. 
Typical symptoms of poliomyelitis, con- 
sisting of nausea and vomiting, fever, 
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tremors and spasms of muscles and men- 
tal apathy, had begun two and three 
days, respectively, before I saw the 
patients. At the time of serum treat- 
ment the temperatures were 103.2 and 
102° I*., respectively. The tonsils were 
large, infected and congested, the throats 
were red, and the cervical lymph nodes 
were palpable. The pulse rates were 
extremely rapid. There was rigidity of 
the neck in both and flexion caused pain 
in the back. Both patients had fine and 
coarse tremors of the fingers and hands 


and were tremulous and ataxic. Physi- 


cal examination of the patients and 
examination of the cerebrospinal fluid 
revealed findings typical of poliomyeli- 


tis. 

Ten cubie centimeters of the polio- 
myelitis antistreptocoecie serum was 
given intravenously to each child. Both 
were better the following day. Tremors 
and twitchings of muscles and the men- 
tal apathy had disappeared. There was 
no paralysis. The respective tempera- 
tures were lower and the rigidity of the 
neck and the knee reflexes were 
marked. The injection of serum was 
repeated in each case and again the fol- 
lowing day. The temperatures dropped 
promptly to normal and all symptoms 
disappeared. Both children recovered 
without paralysis, as shown in the pho- 
tograph (Fig. 1). I have never seen 
two children of the same family who con- 
tracted poliomyelitis recover untreated 
without paralysis developing in at least 
one. Often the first one stricken sue- 
cumbs or severe paralysis develops and 
the other recovers but usually not with- 
out some degree of paralysis. Sometimes 
both have succumbed to. the disease. 
Similar gratifying results have since 
been obtained following serum treatment 
of two or more patients in family groups. 

As has been indicated, the antiserum 
used intravenously with such striking 
results was prepared by inoculation of 
horses, at first with suspensions of strep- 


less 
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tocoeei freshly isolated from patients, 
and later with streptococci freshly igo. 
lated from the spinal cords of monkeys 
that had succumbed to _ poliomyelitis 
after inoculation of virus. In order to 
make more practical the preparation of 
antiserum, a method for the preservation 
of specific antigenic or immunizing prop. 
erties of the streptococcus throughout 
the period of immunization of 
was searched for. It was found that by 
placing the freshly isolated streptococei 
in very dense suspensions in glycerin (2 
parts) and 25 per cent. solution of 
sodium chloride (1 part) and keeping 
these in the refrigerator, antigenic speci- 
ficity was preserved almost indefinitely. 
All subsequent batches of antistrepto- 
ecoecie serum used for treatment were 
prepared by diluting these dense suspen- 
sions as needed for injections through- 
out the period of immunization. The 
results ob- 


horses 


experimental and clinical 
tained by us from the intramuscular use 
of the antiserums prepared in this way, 
by physicians to whom the serum was 
sent gratis for study on request, and by 
physicians who have used the commer- 
cially prepared antiserum independently 
in different epidemics of poliomyelitis 
since, have been comparable with those 
obtained in 1917. A summary of results 
of these studies is given in Table 1. 

The eases summarized in Table 1 rep- 
resent published and as yet unpublished 
reports. I have studied the effects of 
the serum in treatment in altogether 
twenty different epidemics which have 
occurred since 1917 in different regions 
of the United States and in Cuba, in 
four institutional outbreaks and in many 
eases that have occurred in iso!ated fam- 
ily groups. The two most important 
consequences of this disease—death and 
residual paralysis—were found consis- 
tently lower, usually much lower, in the 
eases in which serum was used than in 
the control cases that occurred in the 
same epidemics. 
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TABLE 1 


SuMMARY OF RESULTS FROM THE TREATMENT WITH POLIOMYELITIS ANTISTREPTOCOCCIC SERUM OF 
PATIENTS SUFFERING FROM ACUTE POLIOMYELITIS 





Severe 
Deaths residual 
Cases Cases* paralysis 


a 
N . Per 
umber cont. 


_— ted tor 2 Condition of patient at time 
Cases studied by ; of first serum treatment ~ 
. Per 
Number cent. 





Before onset of paralysis ... ; 16 3 
After slight to moderate 
paralysis 
After severe paralysis 1 
1 


15 7 

Rosenow and _ co-work- 3 | 

and physicians to 9: 9.8 
} serum was sent - - 

on request Controls, cases in which 
patients were not treated 
with serum, that occurred 
during the same epidemics 


f Cases in which patients were 
treated with poliomyelitis 
antistreptococcie serum 


Controls, cases in 





Other physicians, inde- 


lp y ° : e438 
pendently with poliomyelitis 


streptococcic 


which 
patients were not treated 
anti- 
serum, that 


occurred in the same epi- 


demics 


Total cases in which patients were treated with polio- 


myelitis antistreptococcic serum 


Total control cases in which patients were not treated 


with poliomyelitis antistreptococci serum 


As indieated in Table 1, the mortality 
rate in the groups receiving the serum in 
the early stages of the disease was re- 
duced to an eighth and a fourth, and 
incidence of residual paralysis to about 
a sixteenth and a tenth, respectively, of 
the corresponding rates of patients who 
were not treated with serum. Even the 
patients that received the serum first 
after severe paralysis had occurred fared 
better than did the controls. 

In most of the eases studied by me the 
patients were seen at home in consulta- 
tion with the family physician. The 
serum was administered at once after 
the diagnosis had been established by 
spinal puncture and immediate examina- 
tion of the cerebrospinal fluid, and not 
first after the patient had been subjected 
to fear and other stresses and after loss 
of precious time incident to hospitaliza- 
tion. The diagnostie skill of the family 
physician, as I have seen it, in recogniz- 
ing and treating the unusual in illnesses 
as they oceur in family units is truly 


commendable. The results reported to 


* This group consists of those cases in which data as to end results were obtained. 


us by physicians to whom the serum was 
sent, and of those who reported results 
independently, were strikingly similar 
to ours. All who had opportunity to 
treat numbers of patients in early stages 
of the disease reported enthusiastically 
on the results obtained. The beneficial 
action noted at the bedside is indicated 
strikingly also in Table 1. Thus, of the 
total of 2,664 patients who were treated 
with the serum, 252 (9.5 per cent.) died, 
which is in sharp contrast to 583 deaths 
(21 per cent.) among 2,737 control cases 
that occurred in the same epidemies but 
in which the serum was not used. 
Results from the use, under controlled 
conditions, of batches of the 
poliomyelitis antistreptocoecie serum in 
the treatment of experimental poliomye- 
litis in 
favorable. 
treated with different batches of serum 
after onset of paralysis, 46 per cent. 
died, whereas of a comparable group of 


various 


monkeys were also strikingly 
Thus, of a group of monkeys 


control monkeys that had received inocu- 
lations of the same virus and that were 
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not treated with the serum 83 per cent. 
died. 

To show that the beneficial effects ob- 
tained in treatment of poliomyelitis with 
the antistreptococcic serum were due to 
specific antibodies in the serum, virus 
was treated in the test tube with the 
freshly obtained immune horse serum, 
and as a control with normal horse 
serum, before it was inoculated into 
monkeys, in the hope that the virus 
might be rendered ineffective by the im- 
mune serum. Thus, death from polio- 
myelitis occurred in only 27 per cent. of 
monkeys inoculated with virus that had 
been treated with the immune horse 
serum, in contrast to a mortality rate of 
79 per cent. of monkeys that had received 
the same virus but after identical treat- 
ment with normal horse serum. 

The results from the therapeutic use 
of the serum in human beings and in 
monkeys, reported on from time to time 
in the medical literature and as summar- 
ized here, would have led, it is believed, 
to the general adoption of this specific 
serum treatment of poliomyelitis if the 
inciting agent had not been shown to be 
filtrable, and if all requirements showing 
causal relation of the streptococcus could 
then have been fulfilled. The latter, un- 
fortunately, were not forthcoming until 
recently. It is, therefore, considered im- 
perative to indicate briefly, step by step, 
the results obtained in further attempts 
to fulfill these requirements. 


FurRTHER Resuuts INDICATING CAUSAL 
RELATION OF THE STREPTOCOCCUS 

The streptococcus has been isolated 
consistently from various sources, such 
as nasopharynx, stool and cerebrospinal 
fluid of persons ill with spontaneous 
poliomyelitis, and from brain and spinal 
cord of those who had died, from naso- 
pharynx of contacts and noncontacts 
within epidemic zones of poliomyelitis, 
and from cerebrospinal fluid, brain and 
spinal cord of monkeys ill with experi- 


mental poliomyelitis induced with virys. 
Control cultures made under identical] 
conditions almost never yielded strepto. 


cocci. By our methods, and never by 
those usually employed, the streptococ. 
cus was isolated from about a third of 
the filtrates of emulsions of spinal cord 
and brain of persons and monkeys that 
had succumbed during the acute stave 
of the disease. In short, it was possible 
to isolate this specifie type of strepto- 
coccus from the very tissues and other 
materials in which virus has been demon- 
strated most often, whereas this was not 
possible from tissues shown to be free 
from virus. 

It is a well-known fact that virus 
present in brain and spinal cord of per- 
sons and monkeys that have succumbed 
to poliomyelitis remains alive for a long 
time after preservation in 50 per cent. 
glycerin. Therefore, it was thought that 
if the virus and the streptococcus were 
related, the streptococcus should also 
survive such storage. Accordingly, cul- 
tures were made at intervals from, and 
monkeys were inoculated with, emulsions 
of brain and cord tissue that had been 
preserved in this way for a long time. 
It was found, during the course of many 
experiments, that the streptococcus was 
approximately as resistant as the virus. 
The incidence of isolations of the strep- 
tocoeeus and the successful production 
of poliomyelitis in monkeys with the 
virus, were highest soon after preserva- 
tion and became progressively _ less, 
roughly in proportion to the duration of 
preservation, but isolations of strepto- 
eoeci and ‘‘virus takes’’ were successful 
for as long as four years in some in- 
stances. 


A TEsT ror SUSCEPTIBILITY TO 
POLIOMYELITIS 
The need for a test of susceptibility 
was obvious and I reasoned that if the 
streptococcus really was of etiologie sig- 
nificance in poliomyelitis, then cutaneous 
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reactions eighteen to twenty-four hours 
after intradermal injection of the heat- 
killed streptococcus in appropriate 
amounts should be greater in susceptible 
than in immune persons. This was 
found to be strikingly true as large 
numbers of persons were tested with a 
suspension of dead poliomyelitie strep- 
tococei and with a similar suspension 
of arthritie streptococci used as a con- 
trol. 

Positive reactions were obtained in 
fifty-two (87 per cent.) of sixty persons 
tested at the onset of attacks of polio- 
nyelitis, in contrast to twenty-eight 
13 per cent.) of 209 persons tested dur- 
ing convalescence, or who had recovered 
from poliomyelitis two weeks to many 
years before. The incidence of reactors 
to the poliomyelitis test according to age 
groups among persons who had not had 
poliomyelitis was most interesting and 
was roughly proportional to the age inci- 
dence of the disease. Of 614 children 
from one to five years of age, 430 (70 
per cent.) reacted; of 489 children from 
six to ten years of age, 364 (74 per cent. ) 
reacted; of 445 children from eleven to 
fifteen years of age, 277 (62 per cent.) 
reacted, and in 1,125 persons sixteen 
years of age or more, 282 (25 per cent.) 
reacted. There was little variation of 
incidence of reactors (10 to 25 per cent.) 
to the arthritis antigen in the different 
eroups. 

Skin tests were also made on well per- 
sons of different age groups at a found- 
lings’ home during an epidemic of severe 
poliomyelitis affecting chiefly infants 
and young children—truly infantile 
paralysis. On intradermal injection, the 
streptococcal suspension prepared from 
strains isolated from patients in this 
epidemie produced reactions in highest 
and significant incidence in infants and 
voung children, the very age groups 
chiefly affected in this epidemic, whereas 
a comparable suspension of streptococci 
isolated from patients in an epidemic in 
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which older children and young adults 
were chiefly affected produced reactions 
in highest and significant incidence in 
older children and young adults. 
Moreover, in other studies it 
found that adults who reacted markedly 
to the intradermal test reacted progres- 
sively less and became negative when the 
intradermal test was repeated after four 
weekly subcutaneous injections of a vac- 


was 


cine prepared with the freshly isolated 


strains of the streptococcus. In one 


study the serum was obtained from the 
blood of five persons before vaccination 
when the skin reactions were strongly 
positive, and after vaccination when the 


skin reactions had become negative. 
The serum obtained before vaccination 
did not, and that obtained after vaecina- 
tion did, neutralize virus. 

The male sex is known to be more sus- 
ceptible to poliomyelitis than the female 
sex. In accord with this fact, among 
male students the incidence of reactors 
to the poliomyelitis intradermal test 
dropped from 23 per cent. during an 
epidemie of poliomyelitis to 14 per cent. 
six weeks later, whereas among female 
students the incidence dropped only 
from 19 to 17 per cent. There was no 
change in incidence of reactors among 
the 


eol- 


students tested as controls during 
six weeks’ period at a neighboring 
lege in which no eases occurred. 


PROTECTION OF MONKEYS WITH STREP- 
Tococcic VACCINE 

It was felt that if monkeys could be 
immunized with vaccines prepared with 
the poliomyelitic type of streptococcus 
so that they would be immune to intra- 
nasal inoculation of highly virulent 
poliomyelitie virus, there would be at 
hand another important link in the chain 
of evidence that the 
causative. This we were able to accom- 
plish. Thus, only 26 per cent. of mon- 
keys that had been immunized with 
living or heat-killed streptococci ob- 


streptococcus is 
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tained in studies of poliomyelitis suc- 
cumbed to poliomyelitis, in contrast to 
84 per cent. of a comparable group that 
had not been immunized and that re- 
ceived the same virus. Immunity was 
shown to last for at least one and a half 
years. In monkeys that received similar 
injections of vaccines prepared with 
streptococci obtained in studies of ar- 
thritis no protection was afforded. The 
basic requirements for the use of this 
type of vaccine for the immunization 
of persons were, therefore, fulfilled. 
However, since the number of cases of 
poliomyelitis that develop in epidemics 
is small in proportion to the total popu- 
lation, and at least 2,000 persons would 
have to be immunized during epidemics 
to protect one person, this would be im- 
practical and almost impossible. 
Monkeys thoroughly immunized with 
the poliomyelitie streptocoecie vaccine 
remained well after inoculation of polio- 
myelitie virus whereas in monkeys only 
partially immunized, symptoms and 


lesions of encephalitis instead of polio- 
myelitis developed, illustrating the abil- 
ity of virus to change or mutate under 
stress, as do pneumococci and strepto- 


cocci, in order to survive. Most inter- 
estingly, the streptococci isolated from 
the inoculated poliomyelitic virus were 
shown to be poliomyelitic in type, whereas 
the streptococci isolated from the brain 
of the monkeys that were partially im- 
munized and in which symptoms and 
lesions of encephalitis developed follow- 
ing inoculation of poliomyelitie virus, 
were found to be encephalitie in type. 


Dragnostic TEsts FoR POLIOMYELITIS 


The findings on examination of cere- 
brospinal fluid, while of great value in 
the diagnosis of poliomyelitis, are not 
always sufficiently characteristic to en- 
able one to distinguish poliomyelitis 
from certain forms of encephalitis 
and tuberculous meningitis. Moreover, 
changes of cerebrospinal fluid from the 
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normal do not occur until after pene. 
tration of the virus or streptococej int, 
the nervous system. The need was 
therefore very great for a means of 
determining the type of infection at the 
very onset of suggestive symptoms, days 
before penetration by the virus or strep. 
tococeus of the nerve centers in the 
spinal cord. It should thus be possible 
to prevent paralysis and death of per. 
sons stricken, by therapeutic injections 

at the very onset of symptoms—of a 
curative serum such as we have devel. 
oped. Fortunately our studies yielded 
two relatively simple methods which 
make practical this possibility. 

The precipitation test was made with 
the blood serums of persons and of 
monkeys by superimposing these seruns 
on the poliomyelitis antistreptococcic 
serum in small test tubes and noting the 
occurrence of clouding at the interphase, 
or boundary between the two layers of 
serum, eighteen to twenty-four hours 
later. Clouding, or positive reaction, 
occurred in tests with fifty-six (85 per 
cent.) of sixty-six serums obtained from 
sixty-six patients during the acute stage 
(one to twenty-one days) of poliomye- 
litis, and in tests with only three serums 
(4.5 per cent.) of sixty-six persons who 
had been ill forty-two days or longer 
The serums of a large series of monkeys 
obtained during the acute stage of polio- 
myelitis which developed after inocula- 
tion of virus, and the serums of a similar 
series of normal monkeys were subjected 
to the same precipitation test. Eighty- 
three per cent. of the serums of the 
poliomyelitis group and only 7 per cent. 
of the serums of the normal group gave 
a positive reaction with the poliomyelitis 
antistreptococcie serum. 

It was found that during the acute 
stage of poliomyelitis the skin of pa- 
tients gave an immediate (five to ten 
minutes) reaction at the site of intra- 
dermal injection of a minute amount of 
a 10 per cent. solution in saline of the 
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nsoluble (euglobulin) fraction of 

rum of horses that had been im- 

dd with the streptococcus from 
velitis (Fig. 2), and that little or 

ction occurred following identical 

ons into well persons or persons 

th other diseases remote from epi- 

‘s of poliomyelitis. The idea at 
occurred to me that this might 

‘to be the much needed and sought 
for, simple, early diagnostic test. Since 
inst discovered in 1937, this test, cheeked 
with suitable controls. has proved to be 
highly specific as made on the skin of 
persons having poliomyelitis, and of well 
contacts and noncontacts, in altogether 
nineteen epidemics that occurred in 
widely separated cities or rural commu- 
nities of the United States.2 Fifteen 
independent observers who have applied 
test have obtained similar results. 


FIG. 1. SISTERS WHO RECOVERED 
THOUT PARALYSIS FROM POLIOMYELITIS AFTER 
MINISTRATION OF POLIOMYELITIS ANTISTREPTO 

OCCIC SERUM IN EARLY STAGES OF THE DISEASE. 

Acknowledgment is here made to physicians, 
iperintendents of hospitals, health officers, 

irses and others who so generously Cc operated 


these studies. 
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Poliomyelitis ~-7"> 
euglobulin \ 
22 


4.91 Sq. cm. 


17.25 sq. cm. 
age.” Encephalitis 
euglobulin 


ae 321 


-95 sq. Cm. 


Normal horse {) 
serum ) 


cr) 
et: 
1.13 


$q- CM. 


-28 sq. cm. 1:10 -28 sq. cm. 
Before and 2 hours after 
intramuscular injection of 19 c.c. of polio- 
myelitis antistreptococcic serum, 

FIG. 2. TRACING OF ERYTHEMATOUS 
CUTANEOUS REACTIONS 
TO THEI POLIOMYELITIS EUGLOBULIN AND CON 
TROLS, SHOWING MARKED REDUCTION IN REA 
TIVITY OF THE SKIN TO REINJECTION OI rit 
POLIOMYELITIS EUGLOBULIN FOLLOWING INTRA 


MUSCULAR INJECTION O} POLIOMYELITIS ANTI 


STREPTOCOCCIC SERUM IN A CASE OF ACUTE POLIO 
MYELITIS, SIXTH DAY. 


In ninety-two per cent. of 324 persons 
ill with poliomyelitis for from one to 
fourteen days cutaneous reactions, 5 sq. 
em. or more in area, occurred to the 
poliomyelitis euglobulin. The average 
size in square centimeters of the ery 
thematous reaction shown by patients 
during the acute stage of poliomyelitis 
was 8.7; by patients convalescinge from 
poliomyelitis, 3.3; by well contacts, 4.2; 
by well persons within epidemic zones, 
3.9, and by well persons remote from 
epidemics, 1.5. 

A similar cutaneous reaction was 
found to occur in 90 per cent. of mon 
kevs tested during attacks of experi 
mental poliomyelitis produced with nat 
(Fig. 3). No 


such reaction occurred in normal mon 


ural and laboratory virus 


Therapeutie injections of the 


key 3 


poliomyelitis antistreptococcic — serum 
(Fig. 2) 


ing attacks of acute poliomvelitis caused 


Into persons and monkeys dur 


the reactivits of both the skin and the 


blood serum to diminish or disappear 
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promptly as improvement of symptoms 
occurred, 
whether the 


In order to determine 


cutaneous reaction obtained in persons 


and monkeys during attacks of polio- 
mvelitis on intradermal injection of the 
poliomyelitis euglobulin was actually 
due to the presence of specific toxins 
of the streptococcus, monkeys were in- 
oculated intracerebrally under ether an- 
heat- 


killed streptococe: obtained in studies of 


esthesia with large numbers of 
poliomyelitis and arthritis, respectively. 
In monkeys that had received the polio- 


mvelitic streptococci flaccid paralysis de- 


veloped associated with degeneration of 


motor cells in the spinal cord, and in 
that had arthritic 
streptococe: svmptoms of arthritis and 


those received the 


periarthritis developed. On skin testing 


these monkeys it was found that in those 


FIG. 3. CUTANEOUS REACTIONS 

MACACUS RHESUS MONKEY ON THE THIRD 
DAY OF PARALYSIS FOLLOWING INOCULATION OF 
**NATURAL’’ VIRUS. (@) FIVE MINUTES AND (D) 
THIRTY MINUTES, AFTER INTRADERMAL INJECTION 
OF TWO BATCHES OF THE POLIOMYELITIS 
row), ENCEPHALITIS (middle AND ARTHRI 
EUGLOBULINS, RESPECTIVELY. 


IN A 


(top 
row) 
TIs (bottom row) 
POSITIVE REACTION TO POLIOMYELITIS El 
AND NEGATIVE REACTIONS TO ENCEPHA 


NOTE 
GLOBULIN 
LITIS AND ARTHRITIS EUGLOBULINS, 
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Which received the poliomyelitie st 
COCEL a specific cutaneous reacti 
curred to the poliomyelitis eu’) 
and in those inoculated with  t! 
thritic st reptococe! the reaction wa 
cific to the 
monkeys that recovered after inj 
of the 


resisted 


arthritis euelobulin 


dead poliomyelitie strept 
inoculation of virus, wl 
that 
the dead 
cumbed to inoculation of 


recovered after injecti 
arthritic 


those 
streptococe! 


VITUS. 


EXPERIMENTAL POLIOMYELITIS APTER IN 
OCULATION OF VIRUS PRODUCED WITH 


THE STREPTOCOCCUS 
Despite the important fact that flac 
paralysis and other symptoms of polio 
been produced — consis 


mvelitis have 


tently experimentally in’ animals by 


appropriate injections of the freshly 
isolated streptococcus, certain valid re 
quirements were not fulfilled as proot 
of causal relation of the streptoceoecus 
The symptoms after inoculation of the 
streptococcus into guinea-pigs, rabbits 
and monkeys developed within twenty 
four to forty-eight hours instead of afte 
a week or ten days, as occurs after inocu 
lation of virus. If virulence or dosag 
was high, death from progressive paral) 
sis occurred in from two to four days 
before typical lesions developed, and 

the virulence or dosage was low, reco 
ery occurred soon after slight to mod 


More 
repro 


erate paralysis had developed. 


over, the disease could not be 


duced in series in animals, as is possible 
with virus, by the inoculation of emul 
filtrates of 
spinal cord. 


sions or emulsions of the 

The attempts to reproduce in the mon 
key all requirements with the strepto 
coceus, as such, were numerous an 
without success throughout many years 
but not without encouraging 


Finally, by the use of a medium econ 


results 


sisting of infantile tissue—an autoclaved 


suspension of chick embryos—in whicl 
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eaction does not develop from 
of the 
n producing filtrable virus from 
This 


| with four strains of streptococe! 


st reptococcus, we suc 


streptococcus. Was accom 
d in studies of poliomvelitis, from 
the possible presence of virus was 
ded, and with two strains of strep 
‘| isolated from sources other than 
myelitis, but which had virulence 
other properties resembling those 
streptococcus from poliomyelitis. 
‘itement high 
essive passage of experimental virus 


was indeed when on 


from monkey to monkey symptoms and 

ious typical of poliomyelitis devel- 
oped After the 
strains 


experimentally —pro- 


virus were adapted to 


dueed 


mnoukevs from repeated passages they 
resembled ‘natural’? virus in filtrability 
and other essential respects, as deter- 
mined during the course of many experi- 
ments. Monkeys that had 


from attacks of poliomyelitis after in- 


recovered 


oculation of “‘natural’’ virus were found 
immune to inoculation of different ex- 


perimental virus strains and their blood 


neutralized the experimental 
rendered it ineffective, under 


‘ 


serum 
virus, or 
the same conditions as ‘‘natural’’ virus. 
As a climax to these extensive studies, 
demonstrating micro- 


chains, 


we succeeded in 
diplocoeei, often in short un- 
stained, with the new scientific tool—the 
electron microscope (Fig. 4), and with 
the light microscope after special stain- 
ing (Fig. 5), in filtrates of ‘‘natural’’ 
and the experimentally produced virus, 
and in filtrates of old cultures in the 
chick embryo medium in which virus 
had developed from the streptococcus 
It was estimated that 1 ¢.c. of filtrate 
contained as many as 400,000,000 micro- 
diplococei and that some of these ap- 
proximated the postulated size of the 
Virus particle. 

The streptococci as seen in cultures, 
fluid and lesions, and the 
filtrates of 


cerebrospinal 


! crodiplococei as seehll I 
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FIG. 4. LARGE AND SMALL COCCI 
OVOIDS AND DIPLOCOCCI, SINGLE, IN CIRCLE ANI 
SHORT CHAINS, RESEMBI 
REVEALED BY THE ELECTR 
TRATES OF EMULSIONS OF 
MONKEY THAT HAD st 
POLIOMYELITIC VIRUS, 
similar variations in size, 


\ iIrus, show 


and are similar 
different in 
While our 


mediums have often sufficed for the iso 


shape and = grouping 


antigenically, but are very 


their growth requirements. 


lation of the streptococcus phase from 
cerebrospinal fluid, from emulsions of 
spinal cord and other material contain 


ine virus, and even from. filtrates) in 


which only microdiplococei are seen, 


they do not suffice to grow or isolate the 
virus or The 
living cells or other conditions supplied 


microdiplococe! as such 


by the brain and spinal cord or other 
tissues of susceptible animals are neces 
sary but as growth occurs of the virus 

both ‘natural’? and experimental—the 
streptococcal phase also appears, demon 
strable, although often with difficulty, 
In cerebrospinal fluid as symptoms de 
after death. 


The streptococcal form has been found 


velop and in the lesions 
highly antigenic and suitable for the 
preparation of preventive vaecines and 
The 


from 


curative antiserums. changes of 


size of the streptococci small to 


large (virus to streptococcus) and from 


large to small (streptococcus to virus) 


form without apparent change in anti 


venicity resemble the phenomenon of 


polymerization in which great altera 
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in 
oft 


oft 
certain 


tions physical propert les oceur 


substances without chanee 


chemical constitution. 


SUMMAR AND CONCLUSIONS 


Throughout the many vears in which 


my studies on poliomyelitis have been 


continued, concepts and facts were fol- 


lowed which resulted from leads sue- 


vested by experimental methods of trial 
and error. Inherent or acquired spe- 
cific properties of the streptococcus, ana 
at first other 


from the original source and as mani- 


of bacteria, on isolation 


fested in inoculated animals were con- 


sidered of primary importance. 
In addition to 
which had at 


some of which has been corroborated and 


sugeestive evidence 


been hand for so. lone, 
extended by other investigators, includ- 
ine the striking in 
treatment, of the 


pared with the streptococcus, convincing 


beneficial action, 


immune serum pre- 


evidence indicating a causal relation of 


a 


FIG. 5. 
CHAINS, REVEALED BY 
TO IN FIG, 4, 


SINGLE AND IN SHORT THE 


TRATE REFERRED 
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the streptococcus to poliomvelit 
the 
trable virus has been produced 


how been adduce: 


virus has 
mentally from streptococe: and 
poliomyelitis has been produced 
Macacus rhesus monk 
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times in 
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medium in which virus developed 
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others have prepared in horses with 


shown. to 


immune serum we 
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stic, preventive and curative ae- 
treatment of poliomyelitis. 

s concluded that poliomyelitis is 
by a highly specific type of 

tococcus and that what is now een- 
considered as virus is the small, 

filtrable microdiplocoeeus phase of the 

streptococcus, It is realized how con- 
wy to current opinion these coneclu- 

sions are, but the facts adduced permit 
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no Other interpretation. It is hoped 
that the methods and coneepts which 
have led to these results, or better ones 
along similar lines, will be adopted gen 
erally, especially by those whose facili 
ties and talents are far ereater than 
mine, in order that the ravages of this 
most dreaded of  diseases—infantile 
paralvsis—may soon be brought under 


control. 


BY-PRODUCT OF 


THE FUR TRADE 


By Dr. MARIUS BARBEAU 


\NTHROPOLOGIST AND FOLK-LORIST, 


Tue belief has lone been held that the 
totem poles of the North Pacific Coast 
are ancient, that they are a typical form 

prehistoric art. Yet nothing is far- 
ther removed from the truth, if by totem 
pole we mean, as we should, a detached 
post consisting of a red cedar tree which 
was cut, hauled a certain distance—often 
a long distanee—to an Indian village, 
where it was carved with symbolical fig- 
res usually of a heraldie character, and 
erected in the course of a feast in front 
of a chief’s house to commemorate the 
passing’ of his predecessor and his own 
elevation to office. No totem pole, in so 
far as we know, ever came otherwise into 
existence, and this only in the restricted 
veographical areas, at first, of the Nass 
River and the Queen Charlotte Islands; 
ext, of the southern Alaskan Coast, the 
Skeena and neighborhood: and later, of 
the coast farther south. 

These heraldie memorials were derived 
from three contributing sources: (1) 
The earlier carved house posts prevail- 
ig over a wider area extendine south- 
wards to the Fraser River: (2) small 
rravevard figures of people or animals 
such as were found all alone the coast 

far north as Bering and also in ad- 
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jacent Siberia and Japan; and (3) min 
lature carvings of stone, ivory and wood 
which, occasionally recovered on the 
North Pacifie Coast, show that at least 
some of the stylistic devices of the na 
tive carvers were older than the totem 
poles and presumably went back to 
Asiatic prototypes. 

The Russians in Alaska failed to make 
any record of any such structure among 
the Tlingit of Alaska, and the early 
white navigators alone the coast only 
seldom observed house frontals with 
carved figures through which there was 
a round mouth-like entrance. It is only 
after 1830, more precisely after 1850, 
that totem poles became a feature of the 
Villages of the Haidas, the Tsimsvan 
and the southern Thugit, and after 1890, 
that they appeared at Alert Bay among 
the Kwakiutl and amone the Nootka on 
the west side of Vancouver Island. The 
art reached its apogee between 1860 and 
1880, and among outlying tribes like the 
Gitksan of the upper Skeena, it thrived 
until after 1900. A few indifferent poles 
there have been erected in the past ten 
vears, but the custom of thus commemo 
rating the dead as a whole is no longer 


prevailing, and in most parts the old 





DOS 


totem poles have decaved, fallen down 
or have been destroy ed, 
left at the beginning of the present cen- 
tury were a cause of wonder to observers, 
and some of them were collected for miu 
seus or transplanted into public parks. 
Legends about them erew with 
the added 


which were due only to the care 


apace, 


nimbus of mystery and an 


tiquity, 


collectors. \W\ ho nevlected 


lessness oft the 


cd 
aay 
fs 


a 
xf 
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LOWER 


POLES 
BABINE RIVER) AND KIS 


SKEENA SHOWING rit 


MIDDLI 


S'l ilk RIBBED LINES IN Cit 


MIDDLE, 


to vet the information then easily avail 
able 

To emphasize the novelty of totem 
pole carving and single out the causes 
which, after 1830, promoted its growth, 
I will select a few illustrations showing 
its connection with the fur trade, more 
particularly with the North West Com 


pany and the Hudson’s Bay Company. 
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One of the two upper Gitksar 
that of Sea-Gull 1 


outlet of the Babine River on the 8 


Kisvavas or 


225 miles from the sea-coast, was 

removed from Fort St. James, the ¢ 
fur trading post of the North West 
pany established in 1808 in the no 
And it seems that the cor 


soon after built a subsidiary post at Be; 


Rockies, 


Lake, under the direction of a Mr. 
A Tsetsaut party at that time raide 
Village of Kisgagas while most. of! 
hunters were away, killed two men 
the flint-lock musket in their possess 
the first gun seen in the country 
returned home with a female capti 
niece of the head-chief whom they 
killed, 
by the white people at Bear Lak 
later home. A 


party, under her guidance, proceeded t 


The voung woman was resi 


sent back retaliat 
decided 
Visit the wi 
Here they had their first opportunity 
see the white man and to marvel at 


the Tsetsaut country, but 


the white man’s fort on 


POSSESSIONS and his strange Ways; 
them all this was nothing less than a su 


What impress 


them most was the white man’s doe, t 


pernatural experience. 


palisade or fortification of the house, a 
so different fro: 
three 


the broad wavon road 
their 
these ther decided to adopt as their ov 


faint forest trails. All 
crests or emblems after they had reac! 
home. Waiget, the head of one fam 
took upon himself White-Man’s Dog 
Mr. Ross’ Doe (called Masselaws : Ma 
ulek, another chief, assumed Palisade as 
his own; and other participants shar 
other similar crests. Thev gave two b 
feasts In the course of the next two vears 
to which they invited representatives « 
And the 
exhibited with pride their new acquis 
later carved on thi 


other Gitksan tribes as guests. 


tions, which they 
totem poles or built the palisade in tl 
form of a small fence—around them. 
Another 


Skeena, 


down on tl 
Harhu of IXis 


family lower 


upper that of 





TOTEM 





Nchallere) 
PARK 
APTAIN COOK ON HIS 
WAS CAPTAIN 
SEEN IN THESI 

COAST IN 1793. 


rOTEM POLE IN KETCHIKAN 
LY REPRESENTING ( 
MODEL PRESUMABLY 


R, FIRST WHITE SAILOR 


rs, WHO SURVEYED THI 


the Shinele 
obviously 
of that 
ter an ancestor once had proceeded 


pavaks, 


likew ise acquired 


‘TeST ( Ran ‘arhagye ( /, iP from 


white man’s device hame, 


either to the trading post of Bear Lake 
vw Fort St. And this Shingle 
emblem on a Kispavaks totem pole is 


James. 


still seen in the form of parallel lines 
sloping down on both sides of a central 
dee cut deep in the cedar. 
Not a few instances of similar origins 
noticeable on the totem poles and 
house frontals of the coast, for instance, 
white sailor at the helm of a ship 
Bella 
Vancouver Island) now preserved at 
National 
er sea pilot at the top of a tall pole 


Coola (a short distance north 


Museum of Canada; an- 


Cape Fox, southern Alaska; a sail- 


POLES OD 
ing ship with a sailor on its deck on a 
pole recently transplanted to Ketehikan, 
Alaska, and erroneously stated to repre 
sent Captain Cook—it presumably was 
the 


>and the splendid Haida 


inspired by Vancouver, who made 


first coast nap 
pole now standing in the same park at 


Ketchikan and showine three Russian 


priests In ¢hureh vestments, one above 
the other. two cherubs with 


Wihes out 


KAIGANI-HAIDA TOTEM POLE 


OF THE THR ( . OR 


HODON 
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spread and two Russian eagles. This 
pole is from Kasan, a Haida-Kaigani 
village of Prince of Wales Island: it 
Was carved over sixty vears ago and 
erected, during a potlatch which some 
old people still remember, for a native 
family that showed its partiality at the 
time for the Greek Catholic church of 
the Russians. Another Kasan pole with 
scroll fret-work was said by an old In- 
dian woman to have been carved by her 
uncle, who wanted to represent on it a 
Greek Catholic church certificate in his 
OW) POSSeSSION 

These emblems were at first foreign to 
the Indians and have remained, since 
their assumption, the exclusive property 
of a few families. The bulk of totem 
pole figures elsewhere is of a differ- 
ent kind; it symbolizes familiar ani 
mals, legends and natural phenomena. 
The animals most commonly represented 
are the eagle, raven, frog, finback whale 
or blackfish, grizzly bear, wolf and thun- 
der bird. Others, less frequently used, 
are the owl, salmon, woodpecker, beaver, 
shark, starfish, mountain goat, puma, 
moon, stars and rainbow. In the last re- 


TOTEM POLES AND HOUSES IN THE 
ON PRINCE OF WALES ISLAND, SOUTHERN ALASK 
COAT AND TOP HAT ON TOP 


sort these S\ mbols were property 


MONTHLY 


on the houses and household effect 


ceremonial carvines of the owners 


were not pagan gods nor demons, a 


are often supposed to be. 


Thev ar 


parable to the stvlized figures in ou 


aldry, vet they usually illustrate 1 


or tribal 


traditions. 


They were 


worshipped, and if they were h 


e 


ered, it is only because of their imy 


tions. 


They 


were like tombstones 


indeed some of the same crests we} 


the past 50 vears, earved out of stor 


marble at Port Simpson or 


Vanco 


by white craftsmen for the new e 


vards of the Indians. 


The legendary origin of many of thes 
traditio 


emblems was explained 


narratives that used to be recited in 


winter festivals or potlatches. 


They 


still remembered by the members of 1 


older generation, in spite of the decay 


tribal customs. 


They recount how 


ancestors long ago met with tribulat 


and adventures ; 


or rescued by spirits and monsters; hoy 


benevolent spirits appeared in 


and 


invested 


% 


DESERTED 
FIGURE OF 


A. 


OF 


NOTI 
THI 


POLE 


HAIDA VILLAGE OF 


TO THI 


their 


\ WHITE 
RIGHT. 


‘protégeés’”’ 


MAN 


WITH 


\ 


how they were harass 


VIS 


\\ 


Pruel 


KASAN 


LON( 


l 





TOTEM 


Warriors ¢on- 
The 


lustrations of these stories served 


and how ancient 


their enemies in warfare. 
te purpose, besides those of com- 
ition and ownership; they made 
r the legends and recollections of 
st to all in tribal life. 

after the death of 
ctive heirs appointed his leadine 


a chief, his 
to his post. His induction took 
n the midst of a large number of 
d guests, during elaborate festi- 
ils, where liberality was an outstand- 
feature. The name of the ‘Suncle’’ 
on to his ‘*nephew’’ and the eree- 

of a totem pole crowned the event. 
Groups of related families mustered all 
the resources available to make the feast 
their standing and in- 


exactly in 


emorable, as 


lence depended their re- 
sources thus advantageously displayed. 
ruling 
Pacific 


these 


power and wealth were the 
ctors In the life of the North 
that 
vere modern amone them; thev issued 


Coast people, it is obvious 
rom repeated contacts with white sea- 
ereed for 


and 


and traders, from the 


eoods and from a keenness 


udustry inborn among these natives, 


vhose recent origin was Siberian or 
Mongolian. 

The remarkable development of native 
technique and stvle in totem pole carv- 
ny is largely confined to the period sub- 
sequent to 1830. It hinged upon Euro- 
pean tools, the steel axe, the adze and the 
urved knife, which were traded off in 
arge numbers to the natives from the 
davs of the early circumnavigators, that 
. after 1778. 


mt 
vealth 


The lack of suitable tools, 


and leisure in the prehistoric 


period precluded the elaboration of am- 
The 
the fur trade at 
they 


yitlous structures and displays. 


benefits accrued from 


once stimulated local ambitions; 
stirred up jealousies and rivalries, and 
ted incredible efforts for higher pres- 
and leadership. The only desire 


vwhere was to outdo the others in 


POLES 


POLE OF NEESTSAWL 


AT ANGYADAE ON THE NASS RIVER. CARVED BY 


OYAI FOR NEESTSAWL, HEAD OF A RAVEN FAMILY. 


IT STOOD AS A MEMORIAL TO CHIEF ISAWIT. THIS 


POLE IS NOW AT THE ROYAL EDINBURGH MUSEUM, 


SCOTLAND. 


and the 
The totem pole came into fash 


ingenuity, wealth display of 
power. 
ion throueh the rise of these ambitions. 
It became the 


showing one’s own identity in terms of 


acknowledged wav of 


the commemoration of illustrious dead, 
the decoration of imposing houses and 
the grand implications of ancient im 
The 


its figures published abroad 


avery, size of the pole and the 
beauty of 
the fame of those it represented. 

Feuds over the size of totem poles aS 
broke out amone the leaders 
Nass after the 


Hudson’s Bay Company had established 


a result 
within a River village, 
its trading post on the lower Nass in 1831 
and transferred it to Fort Simpson in 
1833, and had founded Victoria in 18438 


The Haida poles as we know them in 
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LAR 


LDAT 


AND 


ON 


WOLF TOTEM 
THE 
\BOl 


POLE 


NASS RIVER WHICH 


ERECTED Yr FIFTY YEARS AGO. 


all of the 
vanced type and virtually of the same 
1840 all 


from the hands of carvers that were con 


our museums are ad 


sale 


period iS8O—and_ presumably 


temporaries. Their stvle was largely the 


miniature are@illite carvine's 
the 


benefit of 


result of 
erattsmen for 
traffic 


The poles 


made by InvenlOUS 
the 


with the sailors and traders. 


an early tourist 
were from ten to thirty vears old when 
the 


anity and in consequence gave up their 


Haidas became converts to Christi- 
customs, cut down some of their poles 
and sold them to white people, about the 
1890 or is a com- 


vear afterwards. — It 


mon savine that the fine row of poles 


their best-known towns had 
risen from the proceeds of an inelorious 


Victoria. 


i one of 


tvpe of barter in There is 


MONTHLY 


no evidence of totem poles an 
Haidas antedatine 1840 or 1850 
a few earlier and transitional o 
served to introduce the fashion 
If the influence of the white 
machinery and tools, upon the 
of the native art and totem pole 
of the North Pacifie Coast, eoes 
the earliest days of the fur tra 
chiefly after steady ha 
the Ba 


pany that progress attained imp 


contacts 
established by Iludson’s 
proportions. One of the earliest 


ences of such influence was eiven 


the Honorable Judge Howay; na 


that of a 
as early 
to the 


assist. for the erection of a carve 


sealnah 


as 1795, lent some mac 


HALIBUT 


AT GITIKS ON THE LOWER 


BEAVER POLE 
NASS RIVER. O 


LOWER PART OF THE POLE Is 


named Jetferso: 


Haidas, together with sail 


\ 


SHOWN 
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River natives also wel- 


Nass 


outside assistance at an early 


at is, over 100 vears ago; and we 
not forget that the trench method 
rting the raising of a tall pole is 
al with that of the South Sea is 
s: or that South Sea 


as or Hawaiians or 


islanders 

Sandwich. 1s- 
s—were fairly numerous on the 
Pacific Coast, as a result of their 
mmigration for the service of sea- 
nd the Hudson’s Bay Company. 

totem 
relations between 


nite examples ot poles 


das a result of 
‘sof the Hudson’s Bay and the 
es are too extensive for full quota 
nere; Vet these include some of the 


and tallest samples of the art, in 


rticular on River. | 


the lower Nass 
ve recently retold elsewhere (Queen's 
Autumn, 1939 


w the native wife of Captain MeNeil, 


f ] 
erly, 


the story of 
stof Port Simpson and then of Vie- 


had incurred the wrath of her 


Indian husband on the lower 
ass. As he had publicly ridiculed and 
amed her in her absence for her infi- 
tv, she retaliated with the help of her 
w husband and erected one of the 
est poles on the river, that of Bear 
Mother and Anevadae, which is now pre 
in the Trocadero Museum of 
And for variety ’s sake, other in 
stances may now be briefly given here 
hich belong to the same Angvadae and 
Geetiks clusters, perhaps the most  re- 
arkable of all for their size and quality. 
The size of totem poles until about 
Is60 had had no special significance in 
tself, except that their carving required 
lore time, and their erection made heav- 
er demands on ingenuity and the many 
attendance. 


other 


vited helpers in 
Ambitious to excel all chiet's 
the ball was started rolling, Sispe- 
chief of the Blackfish clan on the 
Nass, decided to put up the tallest 
m the Nass, and its name would be 


f-the-Blackfish : Just the I*in—not 


POLES 


EAGLE’S NEST POLE 


OW t \ S38, O\ 


OOLOGK 


GARDE? 


Blackfish to drive home to 


sense of their ap 


the whole 
the other chiefs the 
defeat. As if 
ters worse, Sispegoot would not 
Hladerh, his rival of the Wolt 
although Pladerh 


titled to this function by a usage 


to Inake mat 


proaching 


engage 


his carver, 


] 


tribe: rather he would command. the 


services of Ovai, the canvon totem pole 


carver who was known to be partly otf 


extraction, and whose Grizzly 


MeNeil 


work. So Oval 


Kanaka 
Bear pole for Mrs was such 
fine piece ol nstead Ol 


Hladerh 


with the enterprise of carving the 


Was entrusted by Sispewoot 


est totem ever seen in the 


This was bound to arouse the 
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Hladerh, who was already known to be chief of the Finback-Whales, co 
proud and vindictive. But Sispegoot = ford to disregard his rival’s jea 
would not be cautious, and he was im When his new pole was carve 
patient to take the center of the stage sixty vears ago, the news went o 
for himself and his followers. He was — it would be the tallest in the villa: 
sure that he could improve on Mrs. Me spite of Hladerh’s repeated wa 
Neil’s totem, who at best had become an Sispegoot issued invitations for it 
outsider and spent most of her time — tion; but he was shot and woun 
away, at Victoria. Hladerh as he passed in front 

Ilowever, there is no room here to re house ina canoe. The festival wa 
count the episodes of this feud about force postponed fora year. Meat 
totem poles and prestige, for they are | Hladerh managed, through a cleve 
lenethy and varied; they are like an to have Sispegoot murdered by 
epic. The quarrel, which led to blood his own subordinates, thus enfore 
shed, has not vet been forgotten, after (own will. He later compelled at 
a lapse of seventy-five vears and the chief of his own phratry, mucl 
downfall of tribal customs. In a word humiliation, to shorten his” pole 
Hladerh, beine the head-chief of the after it was erected: and he was 
Wolves (Larhkeebu), would not allow — tively checked) only when he. tr 
the erection of any pole that exceeded spread his rule to an upper Nass \ 
his own in height. Sispegoot, the head- abroad. 


MEETINGS OF SCIENTIFIC SOCIETIES IN WARTIME 


\ MEMORANDUM on the holding of meetings and cities of the Atlantie seaboard, and 
of scientific and learned societies in wartime has be scheduled for such days of the week 
been prepared within the last few weeks by the avoid week-end travel. Meetings should 
Science Committee which is advisory to the Na tributed among different cities to avoid 
tional Resources Planning Board, and which is tion at any one point or along routes of 
composed of members designated by the Na The committee emphasized that meet 
tional Research Couneil, the American Couneil closely connected with the war effort shi 
on Edueation, the American Council of Learned postponed, and that attendance at all n 
Societies, and the Social Science Research Coun should be confined to those whose pres 
ei. In essence, this memorandum states that participation is believed to be useful. I 
in the war period scientific societies have an they pointed out that the above statement 
important part to play in the national effort, based upon conditions of transport 
and meetings of these societies should be = so exist at the present time, and that ch 
organized as to be in the best public interest. these conditions may take place and m 
It suggests, therefore, that each society or asso sitate radical changes in plans for 


ciation consider its relationship to the war effort, The directors of the Optical Society of A 


and plan the programs of its meetings so that are taking these suggestions into full cons 
e most effec e con mition will be made. tion im laving their plans tor future mect 

tl t effectir ntribution will | l n | g tl f futur 

In so far as possible meetings should not be held From an Ek 


In or near defense areas, especially thre ports Sociel of 1 





GEOGRAPHIC ROLE OF THE EVERGLADES IN 
THE EARLY HISTORY OF FLORIDA 


By Professor L. LEMAR STEPHAN 


AD OF THE DEPARTMENT OF GEOGRAPHY, STATE TEACHERS COl 


LORATION and settlement of the landscape, a lake forty miles wide, was 
acdes laveed behind that of Klor- open to question three centuries after the 
sa whole. References to the Ever- discovers of Florida 
sin journals of early explorers are Of lands Iving southward from Lake 
nspicuous for their scarcity, When Okeechobee even less was known. In 1898 
settlers succeeded explorers, they chose Hueh L. Willoughby wrote in “*uAcross 
arts of Florida presenting fewer initial the Everglades, A Canoe Journeys 
‘oblems than those of a marshland. Men 
; : : ; : It may seem strange, in our 
eir imaginations play with the idea yey mplevetion, fox th 
draining and utilizing the ‘‘Glades”’ jearn that in our very midst. 
for a half century after settlement was — of our Atlantic Coast States, we a 
stablished in the rest of the state. So land one hundred and thirty miles long and 
tt until early in the twentieth century  S¢venty miles wide that is as much unknown to 
e. : ‘ : the white man as the heart of Africa. This tract 
d successful drainage operations make ocetipies the southern part of the State. It i 
the Everglades appear to many as a neW — pounded on the north by Lake Okeechobee. on 
ontier of opportunity, one of the last the east by the pine land about six miles wide 
many successive frontiers in the — facing the Atlantic, on the south by the man 
ted States grove swamps facing the f Florida and 
: the Big Cypress Swamp which touches the land 
A Barrier To Exploration ee eee Sane 
‘ly explorers heard rumors of *‘the Twenty vears later the Everglades had 
ace of the big water.’’ but De Soto's 
ap (Fig. 1) does not show any body a 
water that could be Lake Okeechobee. 
“When Jacob LeMovne made his map 
Florida (Fig. 2) in 1560, or there- 
abouts, he placed a large lake in the mid- 
sof the peninsula and made this note 
beside it. . . ‘So great is this lake that t 
bank cannot be seen from the Trois 
After this date geographies «Caters 
tioned the lake. Lake Okeechobee + pe Prov. 
s, nevertheless, regarded by some as a 
vendary as late as the early nineteenth 
tury. Colonel John Lee Williams, 
i had done considerable traveling in 
orida, prepared a map omitting Lake 
Okeechobee, The very existence of the 


t conspicuous item in the Everglades FIG. 1. MAP DRAWN J 
irles Ledvard Norton, ‘*‘A Handbook of i HE FLORIDA PENINS \ I 
py. 269. New York: Longmans, Green i 


1891, 
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viven way to penetration, Then Nevin 


(). Winter could in retrospect sai 


Ihe 
vild solitudes of the 
the Yukon 


s before 


Great American Desert, onee so feared, 
Rockies, and the snowy 

up their 
know 


the 


our ni 


inner 
the 
Its 


vielded 


aceurate ledge ot 


vas extended to world. 


mystery been a part of itional in 


heritanc 


The Everelades possessed neither of 
the two characteristics which encourave 


A land 


be visited casually 


exploration of an unknown area. 
oft 
and thus settled. 


Cass access Tas 
A land offering quick 
riches provides sufficient incentive to at- 
tract the intrepid, regardless of difficult, 
of access, in- 
‘* Florida, The Land of En 


The Page 


No ‘‘fortune in a dayv’’ 
> Nevin O. Winter, 


chantment,’’ pp. 2-38. Boston: Com 


pany. 1918, 


Ont ee —e we v.40 
a ON ee 


FIG. 2. MAP OF FLORIDA MADE I 
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the 
blocked water routes of this reed-s 


duced men. to penetrate 


Sa 


therefore, for more than three e 
the Everelades raised an obstacle 


inertia to the movements of man 


A PLACE oF REFUGE 


**Tnaccessible to all thos 


except 


miliar with their treacherous paths 


labyrinthine channels, swamps ha 
ways afforded a refuge for indiy 
No 


this principle, the Everelades, throue] 


and peoples. excepti 


out its history, has sheltered diverse } 


vees: pirates, runaway slaves, Indians 


Confederates and recently various lay 


Ellen C. Semple, 


Environment,’? p. 371. 
1911. 


‘*Tnfluences of Geog 
New York: Hem 


and Company. 


JACOB LE MOYNE ABOUT 


L560, 











Saw 


be Oe POT TOL 


hese rerugees, 


ibounded 


fter the discovery of 


entral and 


e-stolen 


PAKCTS, 


asec here by 


GHOGRAPHIC ROLE OF 


SUGARCANE I] 
TEN 


MATURE 


ONCE SAWGRASS GREW TO A HEIGHT OF 


OF TALL SUGARCANE, THIS FIELD OF TYPI¢ 


THI 


including bootlevevers. (ft 


rumors and legend are 


anv, facts fewer. 


PIRATES 
First in point of time to seek sanctuary 
the Everglades were the pirates, who 
than two centuries 
America. The 
it appropriated from the Indians of 
South America often 
several times before it reached 


for more 


Was 


pe. “*. 2. pirates and buccaneers, 
the 


entured alone Florida shores 


th their ships laden with rich booty, 


hostile 


| quickly disappear within the mys- 


purstlers 


rious fastness of the Glades, and were 


es of 


tely lost to pursuit. Hence it is, 
to this day there are innumerable 
treasures existing in scuttled 
ts and of buried wealth in these wind- 

treams.’** There is no record of 
ery of any buried pirate treasure. 
296 


er, Op. Ctl... p- See also p- v1. 


UNITED STATES SI 


THE EVERGLADES 


\ 


N THE EVERGLADES 


FEET, TO-DAY 
AL MATURE SUGARCANE IS OD 


SEVERAL THOIl 
GAR CORPORATION, 


SLAVES 

During the first half of the nineteenth 
century, the prospect of a safe retreat 
the 
(usually Floridian 


afforded bv Ky erelades tempted 


many slaves to run 


away. Some joined the Indians; others 
banded together with their fellows and 
became dreaded than 
the Indians The Neeroes 
paid tribute to the Indians in corn. The 
fact that harbor slaves, to 


vether with that 


more savage and 


themselves. 


Indians did 
the fact 


capturing escaped slaves frequently took 


expeditions 


slaves owned by Seminoles as vel] as 


caused friction between the 
whites and the 


in the Seminole War of 1835. 


runaways, 


Indians which resulted 


SEMINOLE INDIANS 


The Seminole Indians of Florida were 


a group of ‘‘runawavys’’ from the Creeks 


of Georeia probably mixing to some 


extent with the Colusa whom thev dis 


possessed in south Florida, and Carib 


Indians who early rowed giant canoes 
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from their West Indian homes to south 
Klorida’). The exodus was effected 
about 1750, after the Creeks had been 
for a veneration allies of the British in 
their strugele against the Spanish. At 
the time of the rupture between the 
colonies and the mother-country, the 
British succeeded in’ implanting deep 
antagonism for Americans in the Semi- 
noles. Attempts to reach an understand- 
ing between the United States and the 
Seminoles were thwarted for a half cen- 
tury by the persistence of mistrust. 

The so-called First Seminole War was 


a direct offshoot of the British-American 2 eS 1 ‘ 
John Ne 


conflict of 1812-15. Andrew Jackson SAWGRASS IN BLOOM 
campaigned briefly in’ Florida in 1814) sawerass, A HELIOPHYTE FOUR TO 


and again in 1818. The Second Seminole HIGH, DOMINATES THE UNCULTIVATED 
War resulted, in general, from the con- a Se a a ee 
tinued raids upon Indians for fugitive . ies 
slaves, and, in particular, from the eap- strained by an attempt, In 1832, f 
ture of the wife of Osceola, a prominent ” “apg the Indians to Western 
Indian leader, as a fugitive slave, al- Mor seven years (1839-42) th 
though she had merely a trace of Negro dragged on, costing the United Stat 
blood and was already the mother of about $30,000,000 and many lives 


Osceola’s four children. Relations with 
the whites had, furthermore, been 


Indians retreated to the Evers 
where they were virtually secure 
attack. ‘‘Many short scouting ey 
tions were made in the northern p: 
the Everglades, but when the troops 
away from their base of supplies, 
travel being slow and uncertain, 
experienced terrible hunger and 
and were glad to turn to the coast.’ 
Though a few of the Indian car 
places were found and their crops 
stroved, only once was the elusive 8 
nole defeated in battle. Finally, 


On February 18, 1842, Colonel Worth 
that there were but three hundred Ind 
cluding women and children, left in 
He said that it was impossible to secure 
force, and he, therefore, proposed that tl 
5 ge er Up ber of troops in the territory be reduced 


WILLOW AND ELDER GROWTH 6 Hugh L. Willoughby, ‘Across. th 


glades, A Canoe Journey,’’ p. 19. Philad 
J 


A TRANSITION ZONE ABOUT A MILE WIDE, BETWEEN 
'HE SAWGRASS MARSH AND BETTER-DRAINED CUS . B. Lippincott Company. 1898. 
rARD APPLE LANDS NEAR THE LAKE, CONSISTED OF Caroline Mavs Brevard, ‘A History 
DENSELY MATTED WILLOW AND ELDER TREES. ida from the Treatv of 1763 to O 
Harriet G. Blackwell, ‘Our Most Beautiful Times,’’ Vol. 1, pp. 162-163. Ed. James 
Land Shell,’’ Natural History, April, 1940, Vol. ander Robertson. 2 vols. Deland, Flori 


ALY, p. 217. Florida Historical Society. 1924. 





GEOGRAPHIC 


John Newhouse 
CLEARING A ROADWAY 
NG THE SOUTH SHORE OF LAKE OKEECHOBEE 
BELT OF CUSTARD APPLE TREES AS MUCH 
AS A MILE AND A HALF DEEP. 
reached a personal understanding 
th the Seminoles that so long as they 
et the whites alone, they should not be 
sturbed. This compact has been better 
t by the Indians than by the whites. 
Prior to the cessation of fighting, about 
hundred Indians and their Negroes 
were persuaded to emigrate to Oklahoma. 
Later it that the 
emaininge in Klorida 
The 
signed to the Indians extended from the 
mouth of the Peace Creek to the fork of 
ts southern branch, thence to the head 


was decided Indians 


south should be 


eranted a reservation. lands as- 


t Lake Istokpoea, thence down the Kiss- 
lmee to Lake Okeechobee, through the 
the Shark River, 
ilong the coast to the startine point. 
After peace was established, in 1542, 


erelades to thence 


leral troops proceeded to explore 
southern Florida and to make roads. In 
I8o2 a small steamboat and nine metallic 
Lake 
Okeechobee and elsewhere in the viemnity, 

1 1855 came the 


‘when white men seek to open up an 


DOATS Were provided for use on 


‘incident’ inevit- 
an domain for civilization, An ex- 
ring party under Lieutenant Hartsoff 
troved banana trees and shot pump- 


sin the garden of Chief Billy Bow 


ROLE OF THE 


J19 


EVERGLADES 


The next day Hartsoff’s party was 


leas, 


attacked and soon afterwards raids were 


made on the homes of white settlers near 
the coast. State troops were called out 
and served nearly three vears before ot 


restored. 


der was 


The superintendent of 


with two assistants a 


rived in Florida January, 


Billy Bowlegs and. his 

Pecuniary inducements v 

and his people. a \l 

the emigration. On 
from their homes in 

quietly made their way t 

took their place s on the st 

them from the home they 

and twenty-three had come volunt 

Chief ; 

of the 

mained hidden in the Eve 


forty one had been ¢napti 
tribe, about a hundred, 
so few that neither state 


ment made further efforts to removy 





ent Station 


PLANTS 


ROW UPON ROW OF CE 


PRODUCTION O} WINTER VEGI ARBLI OR YOR 
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Kverglades Experiment 
A CYPRESS HAMMOCK EAST OF LAKE OKEECHOBEE 
HERE THE GRASSLAND IS DOTTED WITH OCCASIONAL ** CYPRESS DOMES. ’”’ IN APRIL, 1933, 
FEW BALD CYPRESSES STOOD AMIDST CULTIVATED FIELDS. 


SUGAR HOUSE AT CLEWISTON ON LAKE OKEECHOBEE 
ON THE SOUTHWEST SHORE OF THE LAKE THE UNITED STATES SUGAR CORPORATION HAS A I 
SUGAR HOUSE WHICH LOOMS UP CONSPICUOUSLY ON THE LOW HORIZON. IN THE BACKGROUND 
fHE CLEAN, WELL-SPACED HOUSES OF THE WORKERS. 





GHOGRAPHIC 


‘hnically, peace was not concluded 
those who remained until the sien- 
n 1934 of a truce and a subsequent 


Florida 


| to themselves, quietly hunting, fish- 


in 


e Seminoles remaining’ 


and egatherine turtle eees. 


1872 an 


late as there that 
eak might take place at any time and con 


were rumors 
ntly, an agent appointed by the commis 

of Indian Affairs them the 
glades to report upon the state of affairs 
He found them altogether peace 


Three vears later 


visited in 
mg them. 

ind living to themselves. 
Commissioner urged that public lands should 


STEAM SHOVEL AT WORK ON THE CONSTRUCTION OF A 
SPILLED OVER 


PERIODICALLY 
LOWERED BY 
DIKE AROUND 


ORIGINALLY OK EECHOBEF 


rO-DAY THI 


LAK! 
LAKE, WHICH HAS BEEN 
A LARGI 


be secured for their occupation, lest upon them 
uld fall the fate of the Mission of 


California. But for some nothing 


sho Indians 


time wis 


An Act of Coneress had in 1850 granted 
the swamp lands of the southern portion 
to the State of Florida. Finally, in 1891, 
certain lands were set aside for the Semi 
noles, 

Draining of the Everglades was well 
under Way within two decades after the 
allotment of a for the In- 
Lowering of the water table pro 


reservation 
Gitals, 
duced a marked decrease in the supply of 
game on which the Seminole depended. 
There appeared to be, moreover, danger 

it the white man might covet and pos 
VoL Li; p. 


I 


Brevard, op. cit., 199, 


ROLE OF THE 


KVERGLADES a2] 
This 
In 


for 


sess himself of all Indian lands. 
latter fear has proved unfounded. 
addition to 100,000 acres set 


them by the State, the Seminoles in Flor 


aside 


ida own about 26,000 acres of land, part 
of it purchased for them by the federal 
the for 


them by executive order. 


eovernment, and rest set aside 


At present employment is found for 
Indians desiring to live near settlements 
eovernment-directed reservations, 


is the chief occupation, 


on 
Cattle raising 
(In 1938 the reservation at Brighton had 
around 1,300 head of cattle. 


Kreralades Ntation 


LAKE LEVEE 
VERE 


Erperiment 


THE BASIN-SHAPED 1 ADEs 


INTO 
RTHER RESTRAINED BY 


A SERIES OF CANALS, IS | 


ITS SOUTHERN HALF. 


Since the closing of the Indian wars, 
Klorida 
creased from nearly 100 to approximatels 
600. 


tribes 


Seminole Indians in have in 
There are four separate bands or 
the Big Cypress, the Miami, the 
Okeechobees and the Tallahassees), but 
they are all on most friendly terms with 
one another, 
No 


elude the white 


longer does the Seminole seek to 


Mah; HOW he desires to 


attract him. 

one notable nstan 
Army 
failed, a highwav has su 
red to 
the 


In 


States hundres 


and 


Indians surrende 


the Everglades 


From 


O st 


road 


emerged, soon after the trail t, t 


their palm-thatched villas and 
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Jou 


flags as a lure 


to hoist tribal 


iif 


hi 


to passing moto QUTLAWS 
ists. Like their white brethren, thev sell articles 


of handicraft and for a nominal ¢ will pos So lone as transportation withi 
for photographs. Everglades was poor, it continued 
Thus, as the swampy character of the  @ hiding place for individuals who so 
lands disappeared, the Everglades ceased safety and sanctuary. Whether they 
to bea place of refuge’? for the Indians. fugitives from justice or Injustice, n 
shiners or murderers, criminals of 
CONFEDERATES chain egane or mere honest smuee 
The connection between the Ever- the Everglades harbored them and 
elades and the Civil War bas not been  cealed them. Most notorious of 
widely publicized, Although several of — tals there were members of John 
the Confederate cabinet members fled to-  ley’s) gang, who from 1910_ to 
ward Florida at the close of the war,  vebbed banks and hi-jacked liquor tri 
none sought refuge within the ** Glades”? secure from capture because they 
rather, it was the deserter and fugitive ‘“swallowed up”” by the tract of mar 
who sought a safe retreat there’ The after each crime. The whole dist: 
marsh concealed both deserters and refu- breathed easier after Ashley and three ot 
his followers were killed in gun battl 


10 Federal Writers’ Project, 7 ‘lorida,’’ })- 5. the Sebastian River bridge, in Novembe) 


11 Norton, op. cit., p. 269. 1924. 


PES. 


LOCK IN THE WEST PALM BEACH CANAI 
CANALS SUCH AS THIS TRANSFORMED THE EVERGLADI R AN ALMOST IMPENETRABLI 
TO A PRODUCTIVE FARMING REGION. NOTE THI : K AND VILLAGI LINEAR 
THE FOREGROUND AND SUGAR CAMP, PUMP 


CROSSED \ rt 





necessarily 


GEOGRAPHIC ROLE OF TILE 


FIVE SEMINOLE INDIAN 


That the flat terrain of the ‘*Glades’”’ 


can easily be used for airplane landing 


fields was turned to commercial advan 


tave at one time, 


During the ‘dry’? period of national prohibi 


n, the Everglades proved a veritable godsend 


a small army of gentlemen engaged in thi 


mewhat risky but highly remunerative 


rum-running. Swift airplanes, laden to the 
t with Bacardi, whiskey, gin, and other wet 
Nassau, 01 
the 
landing 


trucks 


ids from Bimini, Grand Bahama, 


Cuba, would come roaring into Ever 


secret 


and, dropping down to 


would be met by motor Cars and 


little fear of being caught bv federal or 


te officers.12 
The 


coming of paved highways has 


exposed would-be fugitives 
In the ‘*Glades’’ 


As shipment of its farm produce has be- 


to danger of capture. 


me easier, the value of the Everglades 


as a place of retreat has declined. 


Periop or EXPLORATION 
IXPLOITATION 


AND 


neither truly 


and Historie 
Dodd, Mead and 


anomalous re@ion 


Verrill, ‘‘ Romantic 


New Y 


Hyatt 


ork: 


COWBOYS 


oame 
game 


EVERGLADES 


AND A WHITE 


land truly water—the Everglades 


touched the 


viewed It. 


hor 


IMagination of many who 


They envisioned it not as a 
vast barrier and waste land, but vielding 
to the 


water having been removed in some way. 


man its richness of soil, surface 


In the nineteenth century the marsh was 
more adequately explored and exploita 
tion was begun. 

the Ever 


The first white man to visit 


elades may well be forgotten, for he came 
unwillingly and left virtually no record 
Karly in the sixteenth cen 


de 


tenado, was shipwrecked in the Strait of 


of his stay 
tury this Spaniard, Escalente on 
Florida and carried into captivity by the 


Although he 


was released after seventeen vears, little 


Cacique tribe of Indians 


was learned from his scanty accounts of 
the character of this 


The * 


slight attention until after Florida came 


prairie, 
*Glades’’ seem to have been viven 
into the possession of the United States. 

1834. an act 
‘for the purpose of facilitating 


Dur 


was the 


Fifteen vears later, in was 


passed 


the drainage of lands ine the ter 


first dis 


ritorial period, indeed, 


cussion heard of the drainage of the 
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FLORIDA 

















FIG.*3. U.S. WAR DEPARTMENT MAP OF FLORIDA MADE IN 1856 
THIS MILITARY MAP OF FLORIDA SOUTH OF TAMPA BAY, IN ALL ITS MINUTE DETAIL, WAS ENGRAVI 
ON STONE. INDICATED BY SEPARATE LITTLE SIGNS ARE SUCH ITEMS AS PINE, OAK, CYPRESS AN 
PALMETTO TREES; DWELLING HOUSES; OCCUPIED AND UNOCCUPIED FORTS ; AND BATTLEGROUNDS 








GEOGRAPHIC ROLE OF THE 


EVERGLADES 











= J 





FIG. 4. MAP SHOWING EARLY JOURNEYS THROUGH THE EVERGLADES 


Everglades. Not until many years later, 
however, was action taken in this diree- 
Ob. 


It was the war with the Seminoles that 


brought the Everglades into prominence, 
First, there 


Three effects may be noted. 
Was some public discussion of the ques- 
tion of drainine these lands, even though 
the subject did not evoke ereat interest. 
Second, there were expeditions bent on 
exploring the region, under the leader- 
ship of Marchand and Roger in 1842, and 
Lieutenant Martin in 1847. In 1855 
Captain Dawson with 
Indian guide and a_ considerable 
rtv. And, finally, the War Depart- 


reconnaissanced 


ment published in 1856 a map of south- 
ern Florida, remarkable in detail and ae 
Fie. 3 


Onee the Civil conflict and its immed 


curacy 


late repercussions had passed, the Ever 
the attentions of 
183] 
was begun in the northwest quadrant of 
the ‘*Glades”’ by 


From 1883 to 1897, explorers boldly tra 


elades again eneaved 


adventurous souls. In drainage 


the Diston Company 
versed the hitherto inaccessible portions 


Kig. 4 ‘The 


a lengthened journey through any 


first attempt to make 


part 
of the Everglades in the interest of geo 
eraphical research was made by A. P. 
Williams in 1883, the 


expense Ol which 
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SEMINOLE CATTLE ON THE GLADES COUNTY INDIAN RESERVATION 
CATTLE RAISING IS INCREASING ON PLANTED PASTURES IN THE UPPER GLADES. 
was covered by a southern newspaper. — elford and thence to Miami. The r 
This was called the * Times Democrat Ex- of this expedition led to extension of 
pedition,’ (New Orleans Times Demo Klagler railroad south alone the 
erat)... . **T fear, however,’’ writes coast of Florida, reaching the present 
Willoughby in 1898, ‘‘that accurate sur- site of Miami in 1895.) In his jouw 


vey must have been abandoned at a very — of 1897 Lieutenant Hugh L. Willough! 


early stage, as IT can find no map with — crossed the ‘‘Glades’’ in the latitude 


any stations, the line beine devoid of | Miami. 

points from start to finish, and simply At the opening of the nineteenth c 

vives a general direction from the Har- tury, the Everglades was an unexplore: 
ney River to Lake Okeechobee.’"'* Later | marshland impeding exploitation, uset 

a party of twenty-two, led by J. E. In- 9 only as a place of refuge. At the close 
vraham with J. W. Newman as engineer, 
traveled from Fort Mvers to Fort Shack- nature that successful drainage oper 
21. ations could immediately be enterprise: 


of the century, enough was known ot 


Willoughby, op. cit., p. 





STRUCTURE OF THE WOOL FIBER AS 
REVEALED BY THE MICROSCOPE 


RESEARCH ASSOCIATE OF THE TEXTI 
SINCE antiquity the hair-like covering 
‘sheep has been spun and made into 
Although all animal hairs are sim- 

the wool of the sheep combines to an 
sually high degree those properties 
for the 
1941 
the 


high 


suitable 
textiles. 


material 
oft 
amount of 
States reached 
200,000 pounds. This poundage 
represents an enormous number of indi- 
It however, upon the 
structure of the single fiber that the use- 


‘h make a 


ifacture Durine 


wool consumed in 


an all-time 


ted 


vidual fibers. IS, 
properties of the finished fabrie are 
What, then, 


he structure of the wool fiber? 


IS 


timately dependent. 


bal 


FIG. 1. 


THE OUTLINE OF THE 


SCALES 


FOt 


IS FAINTI 


N] 


SEVERAL WOOL 


\ 


By Dr. CHARLES W. HOCK 


IATION, N ONS 


To the naked eve Wor 


simple filaments, not great] like 
ton, silk or ravon. Through the eve 
the 
architecture of t 
these 
the wool fiber shows many characteristics 


be 


which it 


however, the minute 


microscope, 
he 


conditions 


fibers is revealed, and 


under Ot examination 


whereby it distinguished 
other 
clally, 


All 


man, are similar to each 


Call 


Prom 


fibers 


, ’ 
resembles supern 


: 
those of 


animal hairs, imeludine 


with r 


spect to their origin and erowth and to 


ot her 


their physical and chemical properties. 
They arise as appendages of the epider 


mis, or outermost f the skin, and 


lay cr Oo 


£ 





FIBERS 


VISIBLE. 





528 


resemblances to related structures 
Each 
The 


root is situated in a pit below the surface 


show 
such as nails, horns and feathers. 


fiber consists of a root and a shaft. 


of the skin and is made up of cells which 
The fiber in 


creases In length by the proliferation of 


are all more or less alike. 


new cells in the root and the subsequent 
emergence of these cells into the shaft. 
The shaft is composed of dead cellular 
units Which are usually arranged in three 
an outer laver of scales, a middle 
the 
core or medulla. 


lavers 


region called cortex and a central 
The relative thickness 
of each of these lavers varies consider- 
different fibers. In the 


the medulla is absent or 


ably in best 
erades of wool 
very small, 
In the 
wool the fibers are usually mounted in a 


MICrOscople examination of 


frequently water, as this renders 
Kven 


liquid, 
their characteristics more distinet. 
under low maenification the scales on the 

the 
Their size, shape and arrange- 


surface of fiber can be discerned 
(ie. J 
ment differ in various types of wool and 
characteristic to 
permit the Al- 


though much can be learned about wool 


are often sufficiently 


identification of fiber. 


fibers by examining them in an aqueous 


FIBER CROSS SECTION 
WOOL FIBER, AND 


FIG. 2. 
rHE THIN SCALE LAYER OF THI 
NUCLEI ARI 
MAGNI 


THEIR 
PRESENT, 


THE CORTICAL CELLS WITH 
VISIBLE, BUT NO MEDULLA IS 


FICATION 1500. 
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mount, this method vields little in 
tion about the detailed structure of 
constituent cells. In order to stud 
minute structure of the various typ 
cells, the fibers must be treated in ; 
that 
examination possible. 


makes a more detailed micros 
For this pur 
thin cross (Fig. 2) and loneitudina 
tions Call be emploved to 200d advan 
but the liberation of sinele cells froy 
fibers is even more satisfactory, C] 
cal reagents, enzymes and = microo: 
isms can be used as tools to break | 
fibers into their constituent 

3 (A, Band C) 
have been attacked by) 


resultant 


wool 
ie. shows, for exan 
fibers which 
zymes, with a 
Although the scales are relatively 1 


] } 
break«ad 


tant to this action, most of the cort 
cells have been separated from each oth 
and removed from the fiber. 

The 
streneth 
mainly attributed, forms the largest part 


cortical laver, to which 


and elasticity of wool 


of most wool fibers. This layer is ma 
up of cells which are spindle-shaped an 
vary in size depending on 

wool. About 3800 of the 
placed end to end would extend one inc 


which 
sample of 
Placed side by side it would take abo 
10 times that many to 
Near the 
structure resembling a 
detected. The 
whereas the rest of the cell has a fib 
late appearance (Fig. 4, A). The tw 
regions differ also in their staining pr 
their 
polarizing microscope. 
the latter instrument 


cover the san 


space. center of each cell 


Call 


nucleus 


nucleus is @ranula 


appearance i 
When examin 
the 


erties and in 


with nucle 


appears as a dark, elongated area in 


bright cell (Fie. 4, B). This clearly 
dicates differences even 
cell. The fibrillate 
cortical cells is due to the 
fine, thread-like structures 
parallel to each other and which can 


within a singel 
appearance of 
nresence 


which 


the fine glass needles ot 
micromanipulator. 5 (A, B a 
C) shows a single cortieal cell being d 


separated by 
Figure 





STRUCTURE OF WOOL 


Widr. 3. 


In this 
is interesting to note that 

far natural textile fibers 
ike cotton, flax, silk and wool, 


sected into its constituent fibrils. 
‘connection. it 

no matter how 
are sub- 


divided they always have a fibrous strue- 
ire. Recent studies show that even at 


he high maenifieations obtainable with 


the electron microscope, the fibrous na- 


4 


‘of these fibers is still evident. 


The seales form the surface of the 


liber and serve as a protective armor. As 


WOOL FIBERS ATTACKED BY 
{ AND B SOME OF THE CORTICAL CELLS REMAIN 
MOVED ENTIRELY, LEAVING ONLY A HOLLOW 


TIPWp 
FIBE] 


ENZYMES 
IN THE FIBER, BUT IN ¢ 
TUBE OF SCALES. LAGNIFICA 


of these thin 
irregular plates cover every inch of fiber 


many as several thousand 
surface and present a multitude of beau 
tiful 
other in a 


forms. The scales overlap each 
manner comparable to the 
root or 


arrangement of shingles on a 


scales ona fish (Fie. 6 They show lit 
tle internal organization such as exhib 
ited by the cortical cells and with fine 
needles it is not possible to disseet them 
into fibrils. the 


Examinations with 
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found differences between thes 
regions of the fiber. Some of the 
ferences are revealed upon 

fibers which have been pulled fr 
back of a sheep so as to have tl 
attached to the shaft. The root is 
to be soft and easily crushed, y 
the shaft is tough and horny. <A 


FIG. 4. SINGLE CORTICAL CELLS 
A SHOWS THI GRANULAR NUCLEUS AND THI 
FIBRILLATI APPEARANCE OF THE REST OF THE 
CELL. IN B, THE DIFFERENCES IN ORIENTATION 
ARI DETECTABLE WITH THI POLARIZING MICRO 
SCOPE. MAGNIFICATION 270. 

polarizing microscope indicate, further- 
more, that the material in the scales is 
not highly oriented. 

The central core or medulla, when 


present, consists of rather large cells 
which contribute little to the desired 
mechanical properties of the fibers. By 


careful breeding of the sheep, wool has 
been obtained in which the medulla is 
absent, the fiber in such cases consisting 
of only a cortex surrounded by a layer 
of seales. Pigment, when present, is 
distributed in the medulla and cortex, in 
the form of small particles. rage PST en 
Since the cells of the root are alive and : naa. 8. DISSE PEON OF sess ; 
THREE CORTICAL CELLS BEING DISSECTED \ 

evrowing, whereas the cells of the shaft MICRO NEEDLES TO SHOW THEIR FIBRILI 


are dead, it is not surprising to find pro- STRUCTURE. MAGNIFICATION x 575, 





STRUCTURE OF WOOL FII 


examination shows that all the 
f the root are more or less similar. 
are round in shape and have a 
ar appearance. On the other 


the cells in the shaft are eloneated, 


s in appearance and are differen- 





into distinct layers, as previously 





ibed. Observations with the polar- 
microscope show that the material 

shaft, unlike the material in the 
possesses a relatively high deeree 

f orientation. 

Besides differences in cellular strue- 
ture, a comparison of the root and shaft 
also reveals differences in chemical strue- 
ture. Thus, for examp'e, when certain 
microchemical color tests are applied, the 


FIG. 7. ROOT AND SHAFT 
PART OF A FIBER WITH ROOT ATTACHED, SHOWING 
DIFFERENCES IN STAINING PROPERTIES OF THI 


TWO REGIONS. MAGNIFICATION 120. 


two regions frequently differ in their 
reactions. The nuclei in the cells of the 
root react positively to tests for nuecleie 
acid, whereas the nuclei in the cells of 
the shaft do not produce the red color 
indicative of a positive test Kie. 7 
Similarly, when the fibers are tested for 
chemical groups called disulfides, only 
the shaft gives a positive test. These 
observations show that as the cells of the 
root mature and pass out into the shaft 
a number of physical and chemical 
changes take place simultaneously. A 
knowledge of these changes and espe 
clally of their relation to the structure 
and properties of the fiber is essential 
for the best utilization of the fibers dur 
Ing manufacture. 
This paper is based on ‘‘ Microscopie Struc 
he Wool Fiber,’? by Charles W. Hoek, 
Robert C. Ramsay and Milton Harris, which 


app ared search of 


] 


Vational 
FIG. 6. WOOL SCALES Research 
SOUP OF SCALES AFTER RELEASE FROM '° Reporte 


FIBER. MAGNIFICATION 1475, $15-428, 





STRANGE STORIES OF FISH 


By Dr. E. W. GUDGER 


rE IN 


Iris well known that in certain parts 
of the Africa, 


certain birds accompany large herds of 


world, particularly in 


erazing mammals, to feed on the erass 
hoppers and other insects that are stirred 
This 
isa curious and interesting feeding rela 
But 


nent there is a closer, more curious and 


up by the forward-moving beasts. 


tionship. in this same Dark Conti 


more interesting one between two spe 
cies of small birds and the rhinoceroses. 
These little birds heht on and run about 
over the backs of their friends and hosts, 
seeking for the ticks found in and around 
the 
their hosts of these annoving blood-suck 


vet 


folds of their skins. Thus they free 


Ing parasites and their own food at 


the same time. And in return for their 


free meals, the ‘rhinoceros birds.’’ on 


\ CHUB 
UBS HAVI 


PICKING 


BEEN OBSERVED IN THE 


FOOT OUT OF THE WATER TO RI 


ICHTHYOLOGY, 


AMERICAN MUSI 


BLOOD-SUCKING 
NIOBRARA 
ACH FLIFS ON 


ee) 
ow 


the approach of danger, rise up ane 


loud chatterines warn their hosts 
relationship is well established ay 
but that 
cattle of annovine flies and men « 


known, fishes should 

is surely something new under the 
Insects are one of the chief foo 

of but 

insects the 

near the wat 


Ins 


as Tor 


a large category fishes, 


most part these are 
that either live in or 
spend their early lives therein, 
when we speak of insects 
fishes, one means those forms that 
properly be designated ‘* water ins 
But, on the other hand, this short a 
has to do with the most unusual an 
traordinary kind of insect food th 
fishes ever ate. These fish-eaten 


are dry, very dry, land forms, whiel 


FLIES FROM 
IN 


A COW 


RIVER KANSAS TO 


rHE SIDES OF CATTLI 








STRANGE 


attach 
+] selves, as bloodsuekers, to men and 


ition he in wait for and 
als. This parasitism has lone been 
n, but the the 


fishes get their food from these hosts has 


manner in which 
so far as I know) been described by but 
three writers. 

e tropical explorer, Ivan T. Sander- 
son, in his delightful book, ‘* Living 
(New York, 1941, pp. 89 and 


40), tells a story of how little fishes in 


Treasure’ 


a stream in Honduras relieved himself 
his companions of a multitude of 
uusly infesting ticks. The story is 
nteresting and we will let him tell it in 


his own words: 


las been suggested that Pandora opened 
jasted little box on = the upper Orinoco 


t in South America. If this is true, she 
have been a British Honduranean and 
colleetel her pests in her homeland, fon 


lace is the very epicentre of all biting six 


| eight-legged pests. Among these are small 
s, known locally as warri-ticks, which come 


0 sizes: adults at one and a half pinheads 
immature at a pin 
These 


stalks, 


by the hundreds, and 


int and by the thousands. abomina 
lie in bunches on bits of 


solid 
ss, and so forth, awaiting the passage of some 


greater beast. If vou touch such a congrega 
on, they all flood onto vou in what is literally 
Then they 


column and infest the 


flicker of an evelid of time. 
spread out like a Panzer 
of vou, and there is only one sure cure. 
clothes, 


nearest billum pool, and then try to lie quiet. 


You undress, leave you jump into the 


The little billums get to work, and in no tim 
divest vou of every tick. The operation drives 
nearly crazy, but it is better than the 
ture inflicted by the ticks should they get 


It isa matter of much reeret that San 
derson did not get a photograph or at 
any rate make a sketch of this most in 
terestine ineident. But he does add this 
further account of the activities of these 
helpful little fishes, which he thoueht 

but were not 
lected and positively identified : 


were c@iehlids which col- 


Now I can’t find out whether this is a purely 
British Honduranean word for a special kind ot 
ble, but these billums are common enough in 
r tropical countries. In facet we have often 
them, though I admit that 


untered must 


STORIES OF 


KISH 533 


never before had t han individualit 
term in British Hon 


Now littl 


tropies, and in 


‘*Billums’’ is a 
duras for little fish in fresh water. 
fish infest most streams in the 
many they come and tickle vou if vou le qui 
but in British Honduras their act 


Vities nre so 


single-minded and so determined that thev have 
gained for themselves this special title. As soon 
as you enter the water, they dash at vou and 
start tickling. They nibble gently at your toes 
and your elbows, they pull the hairs on your 


legs in a playful manner, and they float around 


watchful little eves upon 


in swarms with their 


vour every movement. You ean’t drive them 


off and vet vou can’t catch them even if vou 


tempt them with bread crumbs in a net hey 
eunning. They are most 


yn opl . 


are frightfully 


markable littl 


This will seem preposterous to some of 
kor 


poor 


my readers, but are thev right? 


twenty vears, | have carried in a 
memory the faint recollection of two cor 
roborating accounts. Let us look them 
up and consider them. 

One relates how small fishes rid cattle 
This 


article— ‘The 


of their infesting insect parasites 
is contained in a= short 
Chub and the Texas Horn Flv’? by Roy 
L.. Moodie in the Vaturalist 
for Mareh, 1909. The previous summer 
(1908 


country drained by the upper reaches of 


A mlErICAH 


while on a fossil-hunting trip in 
the Niobrara River in Kansas, his atten 
tion was called to the great numbers of 
horn fly (Haematobia 
stock in the neighborhood 


f 


mpirans on the 


This fly is so 


named beeause it has the habit of clus 


terine around the bases of the horns of 
eattle to suck their blood It isa 


pest. Llowever. sinee the eattle 


observation were for the most part 


‘*mulevs,”’ the flies would settle all 
their backs and sides. The little fish in 
this ease is scientifically known as Nemo 


Ilere Is how the 


and at the 


tilus dtromaculatus 


cattle obtained water 


time vot themselves freed of their 


The cattle would almost wavs ente} 
stream at the = sl ( t f ! i and 
gradually wade up stream, drinking as tl 
went, until they came to tl | ! ! 
fence where the water reached 
bellies The ¢ hs seemed nus nut 
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cow and the photograph is published herewith. 
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as secure 


in act of catching a from the side of a 
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them to 
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chubs 
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and follow 


these 


in 
fishes leaping 


flies sides of cattle is so un 


to secure 


is hoped that the incident may be service 


those interested in animal 


Dr. Moodie says further: ‘' Mr. Albert 
Thomson called my attention to the ae- 
tions of the fishes and we together made 
the The Mr. Thom- 
referred to is our Albert 


observations. ”’ 
son Thomson, 
head of the laboratory of paleontology 
IIe tells me 
that he repeatedly saw the chubs picking 
the flies from the cattle, and that they 


would sometimes jump nearly a foot out 


in the American Museum. 


of water to get a fly. 

The photograph from which the cut 
was made was a poor one. The resulting 
poor cut was printed on soft paper, and 
the impression during thirty-three vears 
Dr, 
the negative has disappeared. 


has faded. Moodie died some vears 
ago and 
It was necessary to photograph the fig 
ure on the printed page and then par 
tially to redraw it. This, skilfully done 


under my supervision, has been chiefly 


he 


the 
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STRANGE STORIES OF FISH 


eredulous as I fear my story will sound in the 

irs of the unlearned, positively the fish not 
only picked off the ticks which were outside the 
flesh, but actually extracted those which had 
burrowed beneath the skin. 


No loeality is given, but it must have 
been on some of the islands bordering 
the Caribbean Sea, or on the mainland 
part of South or Central America bor- 
dering the same sea. What the fishes 
were is not known. If the locality was 
on the mainland, these fishes may have 
been the young of or possibly a small 
species of Characin. This is conjectured 
on the basis of the following data: 

Bearing on the origin of this habit in 
these tropical fishes are certain observa- 
tions made by Dr. C. M. Breder, Jr., 
director of the New York Aquarium. 
Some years ago while collecting fishes 
in the Rio Chueunaque, Panama, and 
studving their habits he noted this euri- 
ous and interesting behavior in a small 
Characin, Astyanax vuberissimus. These 
little fishes were found to be greatly at- 
tracted by human excretions and were 
noticeably attracted to the region of 
vreatest abundance of perspiration—.e., 
to the armpits and crotch. Here they 
would nibble and bite assiduously at the 
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hairs. ‘‘ When these secretions had been 
washed away, these regions no longer 
possessed superior attractions and the 
little fishes distributed their tiny attacks 
over the whole body, particularly where 
there were warts, 
clumps of hair on which they could lay 
hold.’’ 

The region in which Dr. Breder and 
his men were working was not a particu- 


calluses, moles, or 


larly ‘‘ticky’’ region, and he did not see 
the little fishes hunting for ticks, nor did 
he happen on any accounts of such aetivi- 
But judging from the avidity with 
which the fishes attacked calluses, moles, 
pimples, warts, ete., he does not doubt 
that if men infested with ticks were to 
get down in the water the little Astyanax 
fishes would quickly rid them of these 
unwelcome bloodsuckers. 

Ticks form a pretty steady diet for the 
rhinoceros birds, sinee all live in the same 
milieu—air. But flies and ticks are a 
most intermittent food supply for fishes, 
since the two kinds of animals live in the 
most diverse environments—air and 
water. For the fishes, ticks and flies 
come—like the manna of the Israelites— 
from the heavens. 


ties. 


SCIENCE AND SOCIETY 


WHILE scientific knowledge is providing un- 
paralleled instrumentalities for achieving an 
orderly and humanly significant social life, 
science can not minister effectively nor safely 
to man and his society until it is oriented to 
our contemporary social life and coordinated 
into the complex functioning of our culture. 
To-day ignorance of human behavior and social 
rganization, and the prevailing unawareness of 
the functioning of our culture are blocking the 
full utilization of scientific knowledge. Thus 
we have the ironic and tragic spectacle of science 
contributing effectively to man’s physical com- 
fort or to his destruction, but seemingly helpless 
to advance his social and cultural aspirations. 

The relation of science to society involves 
more than questions of the organization and 
immediate application of scientific results 
through technology and professional practice; 
it raises the more important issues of the place, 
function, and especially the responsibilities, of 
the scientist in the present-day social situation 


and cultural confusion. 
between scientific knowledge and its application 


There is a serious lag 
> 


to human needs 
scientist and layman, to whom science and tech- 
nology often appear as esoteric pursuits. 
Moreover, the very rapid progress of scientific 
knowledge has rendered obsolete much of our 
traditional culture and ancient beliefs and in so 
doing has fostered individual confusion, distor- 
tion and insecurity. Personalities so disturbed 
can not function adequately as individuals nor 
participate as members of 
difficulties by 
The increasing social disor 
those millions in all 
lands who have been cut loose from 
herited and ethical 
has rendered them subject to devastating ex- 
ploitation by distorted, but plausible, fanatics. 


a society which is 
seeking resolution of its volun- 
tary cooperation. 
der, affecting countless 
their in- 
economic 


social, moorings, 


To-day society itself has become the patient.— 
Re port of the President, Josiah Mack Jr. 
Foundation. 





HALF A CENTURY WITH THE SUCCESSFUL 
ARGENTINE ANT 


By ARNOLD MALLIS 


ENTOMOLOGIST, GROUNDS AND BUILDINGS DEPARTMENT, UNIVERSITY OF CALIFORNIA AT LOS ANGELES 


On one fine day, fifty years ago, Ed 
Foster,’ journalist and amateur entomol- 
ogist, while leisurely collecting Hymen- 
optera, made a mental note of an innocu- 
ous-appearing brown ant. Foster, on 
this eventful day, devoted his entomo- 
logical talents to that section of New 
Orleans where the coffee ships from 
Brazil It was not until 
some twenty years later, and only after 
the ant had the housewife’s 
nemesis, the gardner’s grief and the 


were docked. 
become 


orchardist’s plague that he recorded his 
first glimpse of what is now our most 
prominent ant pest, namely, the Argen- 
tine ant.” 

This insect undoubtedly was present 
some years prior to Foster’s observation, 
but it only came into the public’s eye 
with the turn of the century. The 
alarmed populace of New Orleans chris- 
tened it the ‘‘New Orleans’’ ant. 
Newell,’ deeming this to be a dubious 
honor for the Crescent City, shortly 
designated it the ‘‘Argentine’’ ant due 
to the fact that the species was described 
from workers collected in Buenos Aires, 
Argentina. Since the coffee ships that 
conveyed the ants to the docks of New 
Orleans came from Brazil, never from 
the Argentine, and since the insect was 
better known in Brazil, probably its na- 
tive habitat, he might have called it more 
appropriately the ‘‘Brazilian’’ ant. 

This most successful insect is now es- 

1E. Foster, Jour. Econ. Entom., 1: 289-293, 
1908, 

2 Iridiomyrmex pruinosus Roger var. humilis 
Mayr. 

3 W. Newell, Jour. Econ. Entom., 1: 21-34, 
1908. 


tablished throughout the southern states 
and in California. Isolated infestations 
have been reported from Arizona, Mis- 
souri, Illinois, Maryland, Oregon and 
Washington. It is also known from 
Portugal, the Union of South Africa, 
France, Australia and from 
islands, 


many 


INJurIous ASPECTs OF ARGENTINE ANT 

The Argentine ant is one of the most 
important as well as one of the most com- 
mon household pests in the wide area 
over which it is distributed. 
ample, in those sections of southern Cali- 
fornia where the insect is prevalent, prac- 
tically housewife utilizes 
measure to combat it. In homes where 
its control is neglected, hordes of this 
persistent creature with its ever-present 
trails may be found in practically any 
food of a sweetish nature. It is an ex- 
tremely persistent pest, especially so 
during the warm summer months. In 
the winter, immediately after the rains, 
it may invade the home in protection 
from the inclement weather. 

That the Argentine ant was a most 
serious household pest in New Orleans 
may well be realized when we peruse 
Newell’s remarks anent this ant: 


For ex- 


every 


some 


The species does not sting, but can bite s 
verely when so inclined, and sometimes becomes 
I have known 
of several cases where people have had to plac 
their beds, during the summer months, upon 
panes of glass covered with vaseline in order to 
pass the night in peace. There have been ru 
mored eases of infants being killed by these 
ants, but so extreme a case has not come within 
my observations. That such might easily occur 
is not at all improbable. 


an annoyance to human beings. 








in 
ur 








Barber* was given this rather graphic 
description of the attack of the ants on 
a 4-weeks-old baby: 


‘‘We were awakened in the night by a weak 
ery from the baby, and when the light was 
turned on the baby’s face was black with ants. 
They were in the baby’s nose, ears and mouth. 
We hurriedly carried the baby to the bathtub 
and started to wash off the ants. It took us 
nearly an hour and a half to get the last ant off 
the baby. I feel sure that if we had not heard 
the ery, in a few hours the child would have per- 
ished. ’’ 


Some twenty years later, Lyle® further 
: a js ‘ j A P . 
indicts this inseet, with the following 
notation : 


Negroes in some of the badly infested towns 
in Mississippi, long since accustomed to eating 
ants in all their food, seek partial relief while 
sleeping by stuffing cotton in their ears. Sleep- 
ing children with cuts on their bodies suffer 
especially from their attacks. The possibility of 
spreading typhoid fever or other diseases is 
indicated by their attendance on human feces 
in outdoor privies. 





The farmer is another victim of the 
ant’s depredations. Newell, who made 
the first and still most comprehensive 
studies of the Argentine ant, conjured a 
skin-ereeping specter when he stated that 
the ant would be as bad a pest as the 
San Jose seale, the gipsy moth and the 
eotton boll weevil. Thanks to the ento- 
mologist, this dire prognostication has 
never been realized. In the citrus 
orchards of Louisiana, some thirty-five 
years ago, the ant was incriminated for 
eating the buds on the trees and thereby 
ruining the yield. Fig crops were like- 
wise damaged. Moreover, this hexapod 
fostered aphids, mealybugs and _ scale 
insects on plants so that they increased 
enormously in numbers, and then these 
injurious insects would have the plants 
in a most serious way. The Argentine 
ant was an especially prominent pest in 
the citrus orchards and sugar-cane fields 
in Louisiana. 


4E. R. Barber, U.S.D.A. Bull. 377, 1916. 
5C, Lyle, Jour. Econ. Entom., 29: 965-967, 
1936. 


THE SUCCESSFUL ARGENTINE ANT 


BENEFICIAL ASPECTS OF THE ANT 


The Argentine ant has a few virtues, 
but these hardly compensate for its 
numerous vices. It is, above all else, an 
important scavenger of dead and dying 
insects. In the homes of the poor in New 
Orleans, it has played the role of Robin 
Hood by exterminating bedbugs and 
other vermin. The sorghum midge and 
other injurious insects are very often 
victims of its appetite. On a day in 
spring when the western subterranean 
termite conspires to populate the earth 
with house-consuming insects, the ant 
may be observed bearing the winged 
termite to some subterranean festive 
board. The ant apparently has little 
success against the termites when they 
are ensconced in their earthen tubes. 


Foop oF THE ARGENTINE ANT 


The Argentine ant has a decided 
‘sweet tooth’’ which it does not hesitate 
to reveal when in the presence of sugars, 
syrups, fruit juices and materials of a 
like nature. It feeds with great avidity 
on the floral and extra-floral secretions 
of plants and consumes with gusto the 
honeydew excreted by aphids, mealybugs, 
scale insects, ete. Meat, especially that 
of other insects, is at times very attrac- 
tive to it, and often one may see the ant 
in great numbers on a fresh bone aban- 
doned by a dog. In Berkeley, Cali- 
fornia, the insect often invaded the uni- 
versity hospital and fed on blood smears. 
It is also recorded feeding on cereal 
products, especially on corn meal. 

When once on the trail of food, the 
ant is extremely persistent. It raids re- 
frigerators with the same abandon as 
any member of the family and, like Eliza 
in ‘Uncle Tom’s Cabin,’’ will even cross 
ice to attain its objective. The ant has 
been observed to drop from the ceiling 
on a table which had its legs wrapped 
in cloths soaked with coal oil, and has 
entered tightly screwed Mason jars, lack- 


‘ 
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ing in a rubber gasket, by following the 
spiral thread between the cover and the 
glass. 

There are certain plants which are al- 
most certain to attract myriads of this 
insect, and the ants, at times, will be 
found ascending these plants in trails 
that are several inches wide. Cherry 
laurel is one of the ‘‘ant-plants,’’ and 
the Argentine ant fondly feeds on the 
secretions from the nectaries on the 
leaves. During the summer months when 
the insect ascends this plant, it will not 
be turned aside by the most seductive of 
baits. Fig trees, with their fresh figs, 
are an ant heaven and bamboo, many 
species of pine, as well as numerous other 
plants infested with aphids and other 
Homopterous insects, constantly shower 
the hungry emmet with their ‘‘manna.”’ 

The harassed housewife is apt to 
attribute certain occult powers to this 
insect, so quickly does it locate food in 
the home. The ant accomplishes this 


feat despite relatively poor eyesight, and 
a sense of smell rather limited in range, 


> 


so that it practically ‘‘bumps’’ into the 
nourishment before discovering it. To 
explain this, we need not travel into the 
realm of legerdemain. Newell and Bar- 
ber® found that the ant can travel 29 
inches a minute or 145 feet in an hour, 
and thus the scouts who forage day and 
night, and patrol every square inch of an 
infested area, are bound to contact some 
stray victual. They thereupon report 
the gastronomical bonanza to the home 
base, and the characteristic safari of ants 
ensues. In hot weather the rate of loco- 
motion of the ant, as with other insects, 
is greatly accelerated, and it finds its 
food with even greater alacrity. 


To HONEYDEW-SECRETING 
INSECTS 


RELATIONSHIP 


The economic entomologist is greatly 
interested in the Argentine ant because 

6 W. Newell and T. C. Barber, U.S.D.A. Bur. 
Entom, Bull, 122, 1-98, 1913. 
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of its habit of fostering and protecting 
injurious insects on plants. Horton’ 
clarified the relationship between the 
Argentine ant and a typical honeydew. 
secreting insect, the injurious black seale. 
He states : 


The ant approaches a mature or immature 
but settled insect and strokes the body with one 
antenna after the other, rapidly and rhythmie- 
ally. If no liquid appears after 15 or 20 strokes, 
the ant usually passes to another scale or rests 
motionless by the first. Unless the scales are 
very numerous a proportion of the ants always 
are waiting, and the principal function of the 
small shelter structures found over scale groups 
is believed to be to protect the waiting ants 
from light, breezes, and sometimes, the too 
copiously falling honeydew and its attendant 
mold. When the seale is ready to excrete the 
anal plates open slowly outward and from be- 
tween them is extruded a tubular organ, at the 
extremity of which appears a droplet of color- 
less fluid. This the ant takes and swallows at 
The tube is then retracted and the anal 
The whole operation requires only 
allowing time for closer 


once. 
plates close. 
a few seconds, not 
examination of the mechanism. 


Horton noted that the process was 
somewhat similar in the mealybugs, that 
the ants destroyed but a negligible num- 
ber of orange blossoms, that it did not 
disseminate the living seales, that it pre- 
vented parasites and predators of the 
seales from functioning, and thus in- 
tensified the effect of these injurious in- 
sects on the tree. He then concluded 
that as a whole the ant was not too im- 
portant in citrus orchards in the build- 
ing up of scale population, but was of 
some importance in spreading plant dis- 
eases on trees. 

Students of insects have had proof for 
many years that ants may carry aphis 
and other homopterous insects on to 
plants and aid them in becoming estab- 
lished there. There is a difference of 
opinion amongst entomologists as to 
whether or not the Argentine ant actu- 
ally carries scale insects on to the plant. 
Horton, as was previously mentioned, 
definitely stated that the Argentine ant 

7 J. R. Horton, U.S.D.A. Bull. 647, 1918. 





THE SUCCESSFUL ARGENTINE ANT 


did not disseminate the black scale. 
Newell and Barber came to a different 
conclusion, as the following observation 
will indicate : 

During March, 1910, a considerable number 
of adult female seale insects were found em- 
bedded in a band of ‘‘tree sticky’’ placed 
around a magnolia tree to repel the ants. The 
band was located 4 feet from the ground. The 
scale insects were a species of Odonaspis which 
is found upon Bermuda grass close to the sur- 
face of the ground. There was apparently no 
other way for the insects to get up the tree 
except through the transporting agencies of the 


ants. 


RELATIONSHIP OF THE ARGENTINE ANT TO 
OTHER ANTS 


The Argentine ant, Genghis Khan of 
the emmet world, is intolerant of other 
species in any area it has overrun. Due 
to its aggressiveness, its unrelenting per- 
sistence in the attack, and especially to 
its superior numbers, this insect soon 
overcomes even the largest ant. It does 
not hesitate to attack the fire ant and the 
agricultural ant, even though they are 
armed with fiery stings. When the Ar- 
gentine ants attack ants many times their 
size, they attach themselves to the ap- 
pendages of their unfortunate victims; 
peg them out, drawing their appendages 
as taut as fiddle strings. Thereupon 
they mount the unfortunate and se- 
curely held ant; bite off its antennae, 
and later deeapitate it. 

Woodworth® studied the wars between 
the Argentine ant and its arch enemy, 
the odorous house ant, Tapinoma sessile 
Say. He made some interesting observa- 
tions on its battles with the Argentine 
ant, in which he noticed that the odor 
is produced by a liquid secretion (speaking of 
the ejection from the anal glands) which can be 
ejected from the abdomen as an appreciable 
drop, and which is used in its contests with the 
Argentine species, As long as the supply of the 
secretion lasts the Tapinoma has no difficulty in 
keeping the Argentine ant off, but after having 


8C. W. Woodworth, Calif. Agr. Exp. Sta. Bull. 
207, 1910. 
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put four or five Argentines out of the combat 
in this way finally the Tapinoma is put to rout 
and the Argentines are invariably victorious, 
because they always attack in sufficient num- 
bers. We have observed many battles between 
these species and the Tapinoma is always driven 
away from its feeding ground and its home 
despoiled. 

This insect has no important natural 
enemies in the United States, but at times 
it has had some interesting contests with 
variable results against army ants. 

Since the insect will not tolerate any 
sick or dying ant in the nest, there can 
be but little hope of natural control 
through artificially disseminated diseases 
caused by bacteria, protozoa, 
fungi, ete. 


virus, 


DESCRIPTION OF THE VARIOUS CASTES 


It may not be amiss at this point to 
describe with a little more accuracy the 


villainness of this piece. The worker or 


sterile female is 2.2 to 2.8 mm long, but 
it may appear larger when the abdomen 


is extended with food. In color it varies 
from a light to a dark brown, with the 
thorax, scapes and legs somewhat lighter. 
The mandibles are yellowish and den- 
tate. Often, when the worker is descend- 
ing from a tree, the abdomen will appear 
honey-colored, due to distention of the 
abdomen by liquid nourishment. The 
worker, as its name implies. does all the 
work, such as excavating the nest, obtain- 
ing food, feeding the young, protecting 
the colony and annoying the home- 
owner. 

The brownish queen is from 4 to 6 mm 
in length, and is by far the largest ant 
in the colony. There is usually a num- 
ber of queens in one colony. One may 
readily demonstrate this by merely pour- 
ing a milk-bottle full of water onto a 
nesting site; within a short time the 
workers with young in their mandibles, 
and very often a number of queens, will 
emerge. Since a colony may consist of 
a maize of trails ramifying throughout 
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an extensive area, the queens may num- 
ber in the hundreds. 

Newell found the winged queen on rare 
occasions in an outdoor nest in Louisiana 
and encountered the alate female much 
more frequently in artificial nests. It 
was his opinion that the queen mates in 
the nest, making wings unnecessary. 
The author has yet to find a winged 
queen in California. 

Hertzer® notes that the queen is not a 
mere egg-laying machine, but takes an 
active part in the feeding and grooming 
of the young. Moreover, in this highly 
successful species, the queen feeds and 
cleans herself. 

The winged male is a small-headed, big- 
chested nonentity who shortly after mat- 
ing departs from this vale of tears. Like 
other gentlemen we know, he is very fond 
of bright lights on warm summer nights. 


NESTs OF THE ARGENTINE ANT 


The Argentine ant has a vertical dis- 
tribution from sea level to approximately 
4,000 feet. Throughout its range it will 
be found nesting wherever there is a suit- 
able amount of moisture in the soil, where 
light is excluded and where the food 
supply is in close proximity. 

In the spring of the year the nest will 
often be found in open ground with small 
piles of excavated earth but a short dis- 
tance from the nest holes. Form boards 
along walks, and in fact, wooden objects 
of any kind are preferred as nesting sites 
and permanent runways, as are cracks 
and crevices in concrete walks. The ares 
beneath a plant infested with ‘‘ ant cows’’ 
will often be honeyecombed with their 
tunnels. The ants may be encountered 
in enormous numbers in and under dead 
and decaying stumps. During warm 
weather they are partial to the underarea 
of houses and may use the mudsills as 
their runways. The nest may even be 
established in the house proper. The 


9L. Hertzer, Ann. Ent. Soc. Amer., 23: 601- 
609, 1930. 


queen and her following of neuters have 
been observed to invade the second floor 
of a house and to establish themselves be. 
neath a damp rag on a kitchen sink. 

The nests during the summer are 
usually very shallow, but 1 or 2 inches 
beneath the surface; on one occasion a 
nest was found about the roots of a tree. 
situated on a slope, that was more than 
12 inches in depth. 

In the autumn the insects aggregate 
into a virtual ant metropolis in which 
there are hundreds of queens. The huge 
nests may be found beneath boards, 
sheets of tin, buildings, ete., as well as in 
accumulations of dead plant material 
with its attendant heat of decay. The 
author has found the Argentine ant over- 
wintering in enormous numbers in tun- 
nels containing hot conduit pipes. 
Smith’? noted that in northern localities 
this hexapod may become established in 
buildings, and spread from edifice to 
edifice, thereby avoiding the cold of 
winter. With the coming of spring, 
these colonies break up into smaller af- 
fairs consisting of one to several queens 
with a large number of workers all of 
whom migrate and establish themselves 
elsewhere. In fact, during the spring 
and summer months, an individual queen 
may take a stroll in the open, and upon 
acquiring a retinue of workers, establish 
her own colony. 


MEANS OF SPREADING 


The Argentine ant has been distrib- 
uted, mainly, by ‘‘riding the rails’’ in 
products of all kinds to widely separated 
parts of the country. Its spread by 
erawling is rather slow, and Smith found 
this natural spread to be a few hundred 
feet per year. It is often introduced 
into hitherto uninfested areas in balled 
nursery stock. 

That water may also serve as a trans- 
porting medium is noted by Barber, who 
is quoted as follows: 

10M. R. Smith, U.S.D.A. Circ. 387, 1936. 
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Lumber, rotting trees, unrooted shrubs, cane 
growth, fruit vegetables and all manner of ref- 
use contribute to the mass of matter borne on 
the crest of flood water, and in this the ants 
seek refuge and are involuntarily transported. 
Nature has endowed this species with a remark- 
ble habit of self-preservation from drowning 
in times of floods, for when rising water floods 
their nests and no other means of escape are 
presented they cluster together and form a com- 
pact ball. The immature stages form the center 
of this ball, with the queens and workers as the 
outer portion. As the ball enlarges from the 
addition of other workers which have been 
struggling alone in the water it gradually re- 
volves. It is kept revolving slowly by the out- 
side workers continually striving to reach the 
top of the ball, thus permitting air to reach the 
uterior. The writer has had only one oppor- 
tunity of witnessing the formation of a ball of 
this kind. After a 5-inch rainfall several balls, 
none more than 2 inches in diameter, were ob- 
served. According to reliable authorities, such 
balls have been observed on many occasions, 
some of them from 6 to 8 inches in diameter. 
The ants in these balls disperse when they come 
in contact with a secure resting place, such as 
a floating piece of timber or land, but they have 
been seen to float around for hours on still water. 


Steamboats and driftwood in flood 
waters were particularly responsible in 
distributing the ants along waterways in 
the southern states. 


THE ARGENTINE ANT AND ITs 
ENVIRONMENT 


One of the most important limiting 
factors in the distribution of this species 
is the amount of moisture in the soil. 
The effect of a relative absence of soil 
moisture is very noticeable in the arid 
parts of the interior valleys of California, 
especially in the vicinity of Bakersfield, 


where the natural spread of the ant is — 


very slow. Here one may observe the 
insect to be superabundant in and around 
the watered grounds of the home; yet, 2 
or 3 feet away from this artificially moist- 
ened area, nests of the fire ant and of the 
agricultural ant are present, excellent 
proof that the Argentine ant is limited to 
the more humid soil. The immature 
Stages are especially dependent upon a 
damp habitat. 





Exeessive soil moisture, on the other 
hand, caused, for example, by rains, will 
force the ants to seek shelter of some 
kind. Titus’? noted that during wet 
weather in Louisiana, the ants con- 
structed nests up in trees to which they 
had previously carried the immature 
forms. These nests were constructed 
with earth carried from the ground. 
Some of them were situated in forks of 
live oak trees, some 15 to 20 feet above 
the ground. The phenomenon of the 
ant carrying its whitish eggs, larvae and 
pupae up a plant or the sides of a house 
is a daily occurrence when one waters a 
garden infested with it. As was pre- 
viously noted, the ants are very resistant 
to drowning. Smith records an ant 
eolony situated on a post that was sub- 
merged for 3 days; after the recession of 
the water, the colony was found appar- 
ently unharmed. There is a great mor- 
tality of the ants during the winter 
months when the ants are numb with 
eold, and thus unable to adapt themselves 
to conditions caused by excessive rainfall. 
Rain, moreover, prevents the worker 
from foraging for food. 

One may observe this 
creature to walk on a small surface of 
water, especially when the water has 


persistent 


been standing for a time, and has ac- 
cumulated some dust on the surface. It 
may alternately walk and swim across 
this surface. 

The ant becomes most numerous and 
most troublesome during the summer 
months. The rapid increase in numbers 
during a short stretch of hot weather is 
nothing short of phenomenal. In cities 
such as Bakersfield and Sacramento, 
California, where the maximum temper- 
atures may rise well over 100 degrees F. 
for days at a time, this moisture-loving 
ant lives in the damp earth on the north 
side of the home or under the house itself. 
On such hot days it makes a pest of itself 

11E, 8. G. Titus, U.S.D.A. Bur. Ent. Bull. 52: 
78-84, 1905, 
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by invading the house and foraging for 
moisture around the sink and bathtub. 
The minimum temperature of our 
more northern localities is an important 
factor in confining the range of the 
Argentine ant. This to a great degree 
explains their absence from areas north 
of California and the southern states, ex- 
cept for isolated infestations where they 
live in artificially heated buildings. 
Although cold is a limiting factor in 
its distribution, this originally tropical 
ant is at times remarkably resistant to 
low temperatures. Smith found that in 
protected places it may move at temper- 
atures as low as freezing. He further 
states that he 
once found in a rotten log, packets of workers 
that were thoroughly encrusted with ice and 
were so stiff and motionless as to give the ap- 
The temperature the 
When a mass of the 


pearance of being dead. 
night before had been 13°. 
workers was taken to a laboratory, they thawed 
out in an hour or so, without any apparently ill 
effect, and became as active as ever. 


The writer, on one morning when frost 
covered the ground in Berkeley, Cali- 
fornia, wondered what had happened to 
a colony of the Argentine ant that had 
been under observation. Preliminary 
probing of the soil revealed naught of the 
ants. Further digging resulted in the 
removal of a clod of mud which had in- 
teresting potentialities. The normal 
mud ball is naturally entirely inanimate ; 
vet this one conveyed a distinct sen- 
sation of vitality, and closer examination 
revealed that this effect was due to the 
slow flagellate-like movement of many 
appendages. The mud ball was then 
broken open, and the appendages were 
revealed as the antennae of the ants, 
hundreds of whom were thoroughly en- 
crusted in the mud. The antennae were 
the only appendages capable of being 
moved by the frigid ants. These soon 
thawed out. 

Herbert’”, on the other hand, found 


12F, B. Herbert, Jour. 
832-833, 1932. 


Econ. Entom., 25: 


that the Argentine ant succumbs under 
artificial conditions of refrigeration if 
held for 24 hours at a temperature of 
31° F. or in a shorter time if held at a 
lower temperature. 

Air movements are quite a problem to 
the Argentine and other species of ants, 
and they will not be found foraging in 
open places on windy days. At these 
times they will seek shelter in protected 
places, such as under the loose bark of 
trees, beneath stones and in eracks and 
crevices. 

According to Newell and Barber the 
ants become accustomed to loud noises 
and constant vibrations, and have been 
found ‘‘between and under the ties of 
railroad tracks over which many trains 
passed daily.’’ 

Many individuals have observed the 
seeming preference of the Argentine ant 
for electric outlets and switch 
Hackley’* discovered large numbers of 
dead ants in household electrical outlets. 
When he turned off the current of the 
main switch the ants no longer came to 
the electrical baseboard outlet. When 
the current was turned on again, they 
eame back. From this he concluded that 
the ants are attracted by the action of 
the electric current and are killed as a 
result. Is it possible that shelter and 
warmth may also be factors here? 


boxes, 


History OF THE CONTROL OF THE 
ARGENTINE ANT 


The evolution of the ubiquitous bottle 
of ant sirup or ant paste was indeed a 
tortuous one, and it may not be amiss to 
lift the veil of obscurity from those men 
who, if they did not make the world safe 
from the Argentine ant, at least helped 
keep them out of our homes. 


The first methods of curbing this 
creature in the United States were rather 
crude, and consisted of banding the legs 
of furniture with tape soaked in cor- 
rosive sublimate, or using the still prev- 

13 R. E. Hackley, Pests, 8: 16-17, 1940. 
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alent ant powders, or by trapping and 
fumigating the nests of the ants. These 
methods left much to be desired, and 
entomologists first began to settle the fate 
of the Argentine ant when they inter- 
ested themselves in poison baits. 

Arsenic is our best-known poison, and 
when ants were observed to feed upon 
sweets, a bait of arsenic and a sugary 
material was naturally suggested. That 
the bait method of control is not a new 
one is revealed by Roark™, who quotes 
Worlidge (‘‘System Agricultural, the 
Mystery of Husbandry Discovered,”’ 
1669) as follows: 

Also you may make boxes of Cards or Paste- 
board pierced full of holes with a bodkin, into 
which boxes put the powder of Arsenick mingled 
with a little Honey. Hang these boxes on the 
tree, and they will destroy them, make not the 
holes so large that a Bee may not enter lest it 
destroy them. 

Newell’, of the U. S. Bureau of Ento- 
mology, first pronounced the following 
important consideration in the control of 
the Argentine ant, namely, that the 
poison must be 
one which will destroy larvae and workers, as 
well as queens, within the colony. To meet this 
requirement the poison must be fatal but must 
act so slowly when contained within the insect 
stomach that it will not kill the foraging workers 
ere they can transport it to the nest and there 
deliver it to other members of the colony. 

He had but indifferent suecess with a 
mixture of lead arsenate and sugar and 
honey, and lead arsenate and honey 
alone. He was also one of the first to 
announce the repellent effect of arsenical 
sirups, and with reference to this, states, 
‘“‘Our experiments have shown that so- 
lutions of sugar or molasses containing a 
small percentage of arsenic can be used 
to ‘drive’ the ants from a room which the 
foragers persist in visiting.’’? He more- 
over suggested the use of one of the first 
weak arsenical solutions, namely, ‘*‘ White 

14R. C. Roark, Soap, 11: 101, 1935. 

15 W. Newell, Jour. Econ. Entom., 2: 174- 
192, 1909. 
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arsenic, 4 gram; cane sugar, 20 grams; 
water, 100 ce.’’ 

At this same time, Newell notes that 
C. P. Lounsbury, entomologist of the 
Department of Agriculture at Cape 
Town, South Africa, succeeded ‘‘in repel- 
ling the Argentine ants from residences 
there by the use of very similar mixtures. 
Those most frequently used by Professor 
Lounsbury are Cooper’s dip and Golden 
Syrup, equal parts, and a mixture of 
marmalade, sugar and arsenite of soda.’’ 
Here mention is made for the first time 
of the use of sodium arsenite, the key to 
the control problem. 

In 1905, Titus discovered the Argen- 
tine ant in Ontario, California. Two or 
three years later, Woodworth, of the 
University of California, visited Louisi- 
ana, where he studied Newell’s work on 
the Argentine ant. In 1910, in Bulletin 
207 of the California Agricultural Ex- 
periment Station, Woodworth recom- 
mended reducing the arsenic between } 
to 4 of 1 per cent., but he did not state 
what form of arsenic he used. Nickels,*® 
who worked with Woodworth, stated he 
used } to $ per cent. sodium arsenite in 
a sugar sirup. Thus it was Woodworth 
who definitely recommended for the first 
time the use of a weak solution of sodium 
arsenite. 

Wilmon and Newell, in 1913, once 
again emphasized the fact that sweetened 
arsenical mixtures act as repellents, and 
were driving the colonies away instead 
of exterminating them. 

In 1916, Barber, of the U. S. Bureau 
of Entomology, improved Woodworth’s 
formula by reducing the amount of arse- 
nie in solution. W. E. Cross, a chemist 
in the Sugar Experiment Station in 
Louisiana who worked with Barber on 
the ant sirup, was largely responsible for 
the preparation of the poison which sub- 
sequently was called the Government 

16, J. Nickels, Jour. Econ. Entom., 4: 353- 
358, 1911. 
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Argentine ant formula. He made a 
careful study of the chemical aspects of 
the ant sirup and was the one to suggest 
that 

the addition of a small quantity of tartaric acid 
to the sugar sirup before adding the sodium 
arsenite will produce a greater inversion of the 
sucrose, thus lessening the danger of erystalliza- 
tion and will neutralize the alkalinity of the 
sodium arsenite, preventing decomposition. If 
a slight acid reaction is obtained the sirup will 
keep indefinitely. 

R. S. Woglum and A. D. Borden” 
modified the Barber-Cross formula by 
reducing the amount of sugar and in- 
creasing the amount of honey. This re- 
sulted in a further reduction of ecrystal- 
lization in the sirup. The poison bait 
was kept from fermenting too quickly 
through the addition of benzoate of soda. 
And with this contribution we have the 
Government Argentine ant formula 
which with slight modifications is in use 
to-day. 

In 1924 Smith'® and other members of 
the Mississippi State Plant Board suc- 
ceeded, with the use of the Government 
Argentine ant formula, in exterminating 
an infestation of the ant from 1} blocks 
in Fayette, Mississippi. This was the 
first town in the world from which the 
Argentine ant had been eradicated. 
Smith in 1936 disclosed that other towns 
in Mississippi had succeeded in eradicat- 
ing the pests. In these instances the 
poisoned arsenical sirup actually ex- 
terminated rather than merely repelled 
the ant. 

In many areas of California, particu- 
larly where intensive control is under- 
taken in citrus orchards, great reduction 
of the ant results. In other areas, con- 
trol with the Government Argentine ant 
formula is extremely slow, and during 
the summer, is apparently non-existent. 
In such localities the ant sirup is placed 

17 R. 8S. Woglum and A, D. Borden, U.S.D.A. 
Bull. 965, 1921. 

18M. R. Smith, Jour. Econ. Entom., 17: 603- 
604, 1924. 


around the home, where it is used as a 
‘*bribe’’ to inveigle the ant into feeding 
outside the house. 

The greatest innovation in the contro] 
of the Argentine ant since the advent of 
the Government formula was the intro- 
duction of thallous sulfate (commercially 
called thallium sulfate) as the toxie in- 
gredient in the ant sirup. Any indi- 
vidual who has used the arsenical and 
the thallous formulas soon becomes cogni- 
zant of the much greater effectiveness of 
the thallous sulfate sirup. The reasons 
for this increased effectiveness have not 
been investigated, but it is believed to be 
due to the fact that the Argentine ant 
‘‘takes’’ better to the poison, and that 
the poison acts more quickly upon it. 
According to H. Hartnack,’® a pest con- 
trol operator in Chicago, he suggested 
the use of thallous sulfate as an ant 
poison to C. H. Popenoe, and with the 
latter evolved a formula for the control 
of Pharaoh’s ant, Monomorium pha- 
raonis (L.). Popenoe*® published a note 
on this, and the sirup was subsequently 
used in the control of the Argentine ant. 
Some states prohibit the use of thallous 
sulfate, since it has no simple antidote. 


REASONS FOR THE SUCCESS OF THE 
ARGENTINE ANT 

What are some of the factors that have 
lifted this hexapod alien from the ranks 
of obseurity to public prominence as 
‘‘Ant No. 1’’? 

(1) Unlike ants of most other species, 
the Argentine ants, even from widely 
separated colonies, are friendly to one 
another. The queens are likewise so. 

(2) In an infested area it will be 
found that the widely separated runways 
of the ants eventually anastamose. 
Moreover, there are a great number of 
queens in an infested area who have a 
high reproductive potential. As a con- 

19H. Hartnack, ‘‘202 Common Household 
Pests,’’ 182-183, 1939. 

20 C, H. Popenoe, ScIENcE, 64: 525, 1926. 
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sequence there arises an enormous num- 
ber of individuals, with resultant huge 
and powerful colonies. 

(3) The ant is extremely adaptable, 
and nests in a great variety of situations. 

(4) There is usually no dearth of food 
for the omnivorous worker. The worker, 
moreover, is persistent, courageous and 
tenacious. These qualities plus their 
creat numbers result in the defeat of 
practically every insect that opposes 
them. 


(5) The female is not a mere egg- 
laying machine, but partakes in the 
erooming and feeding of the young. 
Almost always she mates in the nest and 
is therefore not subject to the perils that 
attend the mating flight of other species 
of ants. The mated female can initiate 


THE SEARCH 


Ir we are to have a durable peace after the 
war, if out of the wreckage of the present a 
new kind of cooperative life is to be built on a 
global seale, the part that science and advancing 
knowledge will play must not be overlooked. For 
although wars and economie rivalries may for 
longer or shorter periods isolate nations and 
split them up into separate units, the process is 
never complete because the intellectual life of 
the world, as far as science and learning are con- 
cerned, is internationalized, and whether we wish 
it or not an indelible pattern of unity has been 
woven into the society of mankind. 

There is not an area of activity in which this 
can not be illustrated. An American soldier 
wounded on a battlefield in the Far East owes 
his life to the Japanese scientist, Kitasato, who 
isolated the bacillus of tetanus. A Russian 
soldier saved by a blood transfusion is indebted 
to Landsteiner, an Austrian. A German soldier 
is shielded from typhoid fever with the help of a 
Russian, Metechnikoff. A Dutch marine in the 
East Indies is protected from malaria because of 


ARGENTINE ANT 545 
a new colony merely by walking off with 
a following of workers. 

(6) There is no important 
enemy of the ant in the United States. 

(7) Finally, they are readily 
tributed through natural and man-made 
facilities. 

With apologies to Aesop and with the 
kind permission of the reader, may we 
moralize that the traits responsible for 
the great success of the Argentine ant 
in this country are almost identical with 
those qualities so prominent in our out- 
standing bipedal immigrants. These 
qualities are adaptability, courage, per- 
sistence and the capacity to cooperate. 
Fortunately for man, this ant is lacking 
in one prominent characteristic, intelli- 


natural 
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FOR UNITY 

the experiments of an Italian, 
British aviator in North Africa escapes death 
a Frenchman, 


Grassi; while a 


from surgical infection because 
Pasteur, and a German, Koch, elaborated a new 
technique. 

In peace as in war we are all of us the bene- 
ficiaries of contributions to knowledge made by 
every nation in the world. Our children are 
guarded from diphtheria by what a Japanese and 
a German did; they are protected from smallpox 
by an Englishman’s work; they are saved from 
rabies because of a Frenchman; they are cured 
of pellagra through the researches of an Aus- 
From birth to death they are surrounded 
-the spirits of men who 


trian. 
by an invisible host 
never thought in terms of flags or boundary lines 
and who never served a lesser loyalty than the 
The best that every indi- 


vidual or group has produced anywhere in the 


welfare of mankind. 


world has always been available to serve the race 
of men, regardless of nation or color.—Raymond 
B. Fosdick in The Rockefeller Foundation 


19 


Review jor 1941. 











CULTURE AND HUMAN BEHAVIOR 


By Dr. CLELLAN S. FORD 
ASSISTANT PROFESSOR OF ANTHROPOLOGY, YALE UNIVERSITY 


THE history of social science reveals a 
shifting of interest from one aspect of 
social behavior to another. In each suc- 
cessive change there has been a tendency 
to overemphasize the new approach, dis- 
counting even the most valid conclusions 
contributed by the previously popular 
point of view. 

At one time in the history of social 
theory, social scientists placed a heavily 
disproportionate emphasis upon the réle 
of instinct in social behavior. Many acts 
now known to be the direct outcome of 
long and insistent training were held to 
be the expressions of an instinct. This 
position could not be maintained in the 
face of the mounting evidence for ecul- 
tural relativity which anthropologists 
were able to compile. Abandoning the 
instinet theory of culture, social scien- 
tists began to focus their attention upon 
the varying kinds of behavior which 
human beings exhibit. Thus, to-day, 
many anthropologists are concentrating 
upon the relativity of culture, demon- 
strating the wide range of variation in 
human learned behavior. Other anthro- 
pologists, primarily interested in the 
topics of culture change and accultura- 
tion, are accumulating large masses of 
factual evidence on such topics as inven- 
tion and diffusion. Others, again, are 
examining the relationship between en- 
vironment and culture, centering their 
interest upon the conditioning effect of 
the environment. Still others are con- 
centrating on the transmission of ecul- 
ture, 7.e., the process by which a child 
learns to become a member of his society. 

Anthropology is not the only disci- 
pline to center its interest around the 
topie of human learning. Culture his- 
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torians trace changes in the customs of 
specific groups as they occurred over 
centuries of experience. Sociologists at- 
tempt to capture the trends of changing 
behavior norms. Other sociologists are 
studying societal evolution; they seek to 
outline the steps in a process of continn- 
ous learning which has lasted nearly two 
million years. To the educator human 
learning has always been of paramount 
interest. His concern is inevitably with 
the process of transmitting culture to the 
incoming members of the society. 
chologists as well are interested in the 
topic of human learning and some of 
them, indeed, have taken for their spe- 
cific interest an analysis of the learning 
process. However, despite this universal 
interest in the topic of human learning, 
there is little coordination between the 
various investigations in their attack 
upon this problem. 

For the development of a science of 
human behavior it seems important to 
concentrate specifically upon the learn- 
ing process and to coordinate the tools 
from those disciplines which have some- 
thing to contribute. Only in this way 
can an effective attack be made upon this 
exceedingly vital aspect of human be- 
havior. The importance of understand- 
ing the human learning process can 
searcely be overestimated. Without 
such an understanding social science 
predictions most probably will fail and, 
if it lacks predictive power, social science 
will remain a pseudo-science whose re- 
search workers will be regarded as para- 
sitie eccentrics in the society which har- 
bors them. 

The human learning process is gov- 
erned by rules or principles. The more 
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pasie of these principles are well known 
1 psychologists. The essential elements 
of learning are (1) drive, (2) response, 
3) cwe and (4) reward. The drive? is 
the motivation which stimulates a person 
toact. People are in an almost constant 
sate of unfulfilled desire. Indeed, one 
of the characteristics serving to distin- 
mish between living and nonliving ob- 
jects is this very incentive to action 
which finds its source of energy within 
the organism. It seems to be an unques- 
tioned fact of human experience that 
mere living involves a constant striving 
for as yet ungratified longings and crav- 
ings. Drives may be either innate or 
acquired. Hunger, thirst and pain are 
examples of innate drives; anxiety and 
anger are examples of acquired or 
learned drives. Cues* give direction and 
orientation to responses. Cues may be 
provided by sense-organ stimulation 
from outside or by reactions of the organ- 
ism. The response consists of acts, 7.e., 
what the organism does. Generally 
speaking the response may be considered 
to consist of a goal response and a series 
of instrumental acts. The goal response 
is the act immediately followed by re- 
ward; the instrumental acts are those 
preceding the goal response. If the re- 
sponse sueceeds in bringing about a 
1 Perhaps the most acceptable statement of 
these principles for anthropologists is that of 
N. E. Miller and J. Dollard in their recent vol- 
ume, ‘*Social Learning and Imitation’’ (New 
Haven, 1941). For an extensive account of 
learning principles the reader is referred to 
their publication. See also Clark Hull’s forth- 
coming book, ‘‘Principles of Behavior,’’ and 
“Becoming a Kwoma’’ by J. W. M. Whiting 
New Haven, 1941). : 
2Learning always takes place under certain 
internal conditions in addition to drive, such 
as habit structure, capacity for motor behavior, 
and susceptibility to sensory stimulation. Im- 
portant as these conditions are for any thorough 
analysis of a given person’s behavior they will 
not be considered in this paper. 
3The cue is a stimulus whose primary func- 
tion is the direction of behavior, in contrast to 
drive which is a stimulus whose primary func- 
tion is to motivate the response. 





diminution in the intensity of the drive, 
the result is rewarding. Reward rein- 
forces the connection between the cues 
and the response ; an increment of learn- 
ing takes place. Whenever the same 
drive and cues are again present, the 
same response will be more likely to 
oceur. This is known as the principle 
of reinforcement. If, however, the re- 
sponse fails to be rewarded, then the 
bond between the cues and the response 
becomes weaker. Repetition of a re- 
sponse without reward leads finally to an 
extinction of the cue-response connec- 
tions and the response fails to occur on 
subsequent occasions. 

For human beings learning continues 
throughout life. New responses are 
learned and old ones abandoned. While 
habits may lie dormant for a time if they 
are not practiced, responses do not per- 
sist if they are tried over and over again 
without success. This means that cus- 
toms which are not rewarding to the 
persons who practice them will become 
progressively weaker and will even- 
tually disappear. In other words the 
persistence of customs depends upon 
their rewarding value. From this stand- 
point culture consists of behavior which 
is constantly being reinforced; it is 
functionally integrated with human 
motivation and reward. Culture is 
neither self-perpetuating nor self-de- 
stroying, nor are customs arbitrarily 
accepted or rejected; rather, they are 
habits strengthened by rewards or weak- 
ened by a lack of them. 

Social theorists will immediately ques- 
tion the possibility of determining what 
drives are operating in any given in- 
stance. When the actions of a specific 
person are observed it becomes difficult 
to determine the drive which motivates 
his behavior. If a person is observed 
eating a meal we would probably not be 
too far wrong in assuming that he is 
motivated by hunger as modified by past 
learning, 7.¢., by an acquired appetite 
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for the foods which constitute his meal. 
On the other hand, if he is observed 
attending a church service, hypotheses 
about his motives are likely to be the 
wildest kinds of guesses. More informa- 
tion about the person would help to sub- 
stantiate some guesses and to eliminate 
others. Ultimately, with sufficient data 
concerning his life history brought to 
light, it might be determined that his 
behavior stems primarily from an ac- 
quired drive of anxiety, or perhaps a 
desire for prestige in his community. 

If the actions of a person in a society 
other than our own are observed it be- 
comes even more difficult to determine 
his motives. <A Fijian, for example, 
might be observed to dye his hair black 
or to avoid his brother’s wife. It would 
be a mistake to assume that the native 
wishes to do these things for the same 
reason that we would want to perform 
similar acts in our own society. The 
drives prompting his behavior may be 


quite different from those which would 
Only an 


lead us to similar behavior. 
intensive investigation will lead to the 
discovery of why he wants to act in this 
way. But the difficulty of determining 
the drives which operate in a specific 
instance does not in itself negate the 
importance of recognizing that behavior 
is motivated by drives. It points rather 
toward a research problem, the solution 
of which will add substantially to the 
understanding of human behavior. It 
is likely that operational definitions of 
drives will solve this problem. If drives 
are defined in terms of the conditions 
which produce them, it is not difficult to 
determine what drives are operating in a 
given situation. Hunger, for example, 
may be defined as a drive which increases 
in intensity with the number of hours of 
food deprivation. By discovering the 
length of time a person has gone without 
food it is possible, on this basis, to esti- 
mate the strength of his hunger drive. 
Many drives are common to mankind ; 


they accompany human life wherever jt 
exists. Some of these drives are univer. 
sal because they are a part of the natura! 
equipment of the human organism: 
others are universal because they are 
always acquired by people during their 
life experiences. An exhaustive list of 
these universal drives has not yet been 
developed. Among the innate drives 
may be mentioned hunger, thirst, air- 
hunger, fatigue, sex, pain-avoidance, 
heat and cold avoidance and the several 
drives of elimination. Among the drives 
universally acquired through experience 
are anxiety or fear, anger, love, various 
appetites and disgusts, and probably a 
desire for children, a wish to be healthy 
and a desire for prestige. Since ae 
quired drives are learned it is likely that 
their intensity 
person to person and from society to 
society. This is a factual question which 
can be answered only by careful investi- 
gation. Nor ean a list of universal 
drives be padded by hasty generalization 
Sexual 


varies somewhat from 


from any one or a few societies. 
jealousy, for example, which seems so 
powerful an incentive to action in our 
society may be found to be relatively 
weak or even absent for the members of 
other societies where an entirely differ- 
ent set of sex mores prevail and where 
the training of the child is quite foreign 
to our own. Nevertheless, the fact that 
many conditions of life are common to 
all societies leads to the assumption that 
a considerable number of acquired drives 
are universal. 

Learning always occurs in the context 
of a specific situation; human behavior 
always takes place under certain exter- 
nal conditions. The learning situation 
is as important to an understanding of 
the process of human learning as are the 
principles which have been briefly out- 
lined above. For human beings learning 
situations and the conditions which com- 
pose them are many and varied. Each 
person lives as a member of a society 
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which has its own distinetive social strue- 
tyre and eulture, and moves about on a 
portion of the earth’s crust which has 
*s own fauna and flora, inorganic re- 
sources, topography and climate. In 
brief, any human being learns in a situa- 
tion whieh consists of all the objects, 
vents, and energies of his immediate 
environment. 

When a social scientist 
monograph upon a particular society or 


presents a 


community he presents a deseription of 
the people, the environment in which 
they live, their material apparatus, their 
social strueture, their language, and 
their culture. From one point of view, 
the ethnographer presents a description 

the conditions whieh compose the 
learning situations of any member of 
Such facts as density of 
population, productive power of the 
land, and the stage of their arts and 
crafts are widely recognized as factors 
bearing a significant relationship to the 
behavior of the members of a society. 
Of importance also are the minerals, flora 
their environment; the 


that society. 


and fauna of 
categories, groups, and institutions, con- 
stituting the structure of the society ; the 
habits of speech and thought ; the manual 
skills and social techniques composing 
their culture. These and other econdi- 
tions which the ethnographer describes, 
are the constituent elements of any learn- 
ing situation in which a member of that 
society finds himself throughout his life- 
time. Under these conditions the people 
who compose that society learn to behave 
in certain ways; under these conditions 
their responses are strengthened and 
persist, or are weakened and disappear. 
The deseription given by the ethnogra- 
pher might thus be termed his approxi- 
mation to the sum total of the conditions 


composing any learning situation in that 


society. 

From another point of view, an ethnog- 
rapher’s description of social structure, 
language, culture, and technology might 


be considered the result of a long history 
of learning on the part of the ancestors 
of the present members of the society. 
During the historical period forming 
the background of that society, millions 
upon millions of responses have been 
made by its members under stimulation 
from their drives. Some of these were 
successful under the conditions of their 
era, were reinforced, and were learned. 
Others that were tried, failed to be re- 
warded and were not accepted. As time 
passed conditions changed and responses 
onee rewarding were no longer success- 
ful. New responses were tried and the 
became ac- 


more successful of these 


cepted. During this process of societal 
learning, adjustments were made to the 
conditions set by group life as well as 
by the environment. Behavior patterns 
which might otherwise have been re- 
warding failed because they interfered 
with other and more heavily rewarded 
responses. The hungry men who clouted 
other members of society over the head 
to take their food were themselves set 
upon and punished. Through the cen- 
turies, people learned that such inter- 
ference with their neighbors was not 
advantageous; limits were set to ingroup 
aggression. In the long run responses 
conducive to the welfare of the group 
were the most heavily rewarded and they 
persisted ; many actions which were more 
immediately effective in reducing the 
drives of individuals were found to be 
less rewarding under conditions of group 
life, and were Aequired 
drives and the responses which reward 
them reveal at any given point in time 
along the societal life-line the results of 
past learning. This process of learning 
still continues in each society. Each 
member of the society learns anew under 
the conditions of his environment, an im- 
portant part of which consists of people 
whose heritage from the past is a whole 
series of time-tested behavior patterns. 

While many of the conditions com- 


abandoned. 
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posing learning situations vary consider- 
ably from society to society, others are 
universal. The foree of gravity, inertia 
and friction, the changes in light inten- 
sity, temperature, humidity, atmospheric 
pressure, and the like everywhere accom- 
pany human life. To be sure there are 
variations in some of these conditions 
from society to society. Thus, light and 
dark varies with the latitude, some peo- 
ple are subjected to extreme variation 
in heat and cold, and so on. Neverthe- 
less they are conditions universal to 
mankind. Also significant to all people 
are the conditions presented by human 
physiology. In all societies women men- 
struate, conceive, and give birth to their 
young; people beeome sick, grow old, 
and die. Such events as these supply 
a host of conditions common to all man- 
kind. In every society, moreover, there 
are aspects of social structure and cul- 
ture, products of societal evolution, 
which are common to all societies. Such, 
for example, are categorical differentia- 
tions based on sex and age, the basic 
family group, the use of language; all 
societies forbid incest, ingroup murder, 
theft and rape; and all societies have 
their methods of obtaining and prepar- 
ing food and drink, techniques for the 
manufacture of material goods, and ac- 
cepted ways of obtaining sexual grati- 
fication. 

The amount of detail into which an 
ethnographer can go in describing the 
life conditions of the society under his 
observation is limitless. This becomes at 
onee clear if the difficulty of describing 
a single learning situation be envisaged. 
Any given situation could presumably 
be described in terms of all its various 
conditions, but such a deseription would 
be almost endless, since the details which 
might be included are exceedingly nu- 
merous. From the standpoint of human 


learning, however, it is not necessary to 
ferret out the very last detail of a given 
learning situation. 


It is important only 
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to consider those conditions which are 
relevant to the learning process. If a 
child is learning to nurse from a bottle. 
for example, such conditions as the full. 
ness of the moon, the time of year, and 
the number of chairs in the room are 
probably irrelevant. On the other hand 
the shape and appearance of the bottle. 
the words uttered by the mother, and the 
taste of the milk are likely to be of para- 
mount importance. 

If it, is true, as it seems to be, that 
some conditions are more important than 
others from the standpoint of human 
learning, by what criteria can one deter- 
mine the relative importance of these 
conditions? The relevance of conditions 
to learning depends upon their relation- 
ship to the four crucial factors of drive, 
cue, response, and reward. In the ex- 
ample given above, it is highly doubtful 
that the fullness of the moon, the time of 
year, and the number of chairs in the 
room bear a_ significant relationship 
either to the child’s drive or to its re- 
sponse, nor do they directly furnish 
cues or appreciably affect the reward. 
Moreover, these conditions are not likely 
to remain the same whenever the child 
is nursed. By contrast the shape and 
appearance of the bottle, the mother’s 
speech and the taste of the milk all con- 
sistently accompany nursing and prob- 
ably perform at least one significant 
function, namely, that of providing the 
child with distinctive cues. 

The conditions composing a situation 
may be important as the source of cues 
to which the response becomes attached 
during learning. A _ person receives 
many of his cues from his environment. 
The importance of conditions in pro- 
viding cues is perhaps most clearly 
brought out by contrasting different 
learning situations. For example, peo- 
ple may learn to react with friendly 
approach tendencies in situations where 
members of their own society furnish 
the primary cues for their behavior. I 
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the same people find themselves in a 
situation Where members of another so- 
ciety are present, the more similar these 
foreigners are to the members of their 
own society, the greater will be the ten- 
dency to react with friendly approach 
tendencies. Thus if the foreigners are 
of a similar physical type, wear simi- 
lar clothing, exhibit similar haircuts, 
and the lke, the tendeney to react 
with friendly approach tendencies will 
be exceedingly strong. The difficulty in 
discrimination thereby arising depends 
upon the similarity of the primary 
source of the cues in the two situations. 
If the foreigners are deadly enemies, 
the mistake is likely to be very costly. 
Faced with such a difficulty many peo- 
ple have learned to differentiate them- 
selves from their dangerous neighbors, 
thus facilitating cue-diserimination. De- 
viees serving this function are, for ex- 
ample, special types of clothing, differ- 
ent forms of headdress, and tattooing. 
Language affords another device: those 
who belong to the ingroup may be desig- 
nated by a word such as ‘“‘friend,’’ 
whereas those belonging to the outgroup 
may be given a term such as ‘‘enemy.’’ 
Such words are responses with specific 
learned cue-value. The use of such 
terms permits rapid discrimination be- 
tween conditions which are otherwise 
quite similar as sources of cues. 

Quite apart from their relevance as 
sources for cues, the conditions of a 
learning situation may be important for 
learning because they affect the drive. 
Indeed, external conditions may be the 
primary basis of drive stimulation. A 
very loud sound, a bright light, cold air, 
the heat of the sun’s rays, a knife press- 
ing into the skin, or the pressure of a 
heavy weight are examples of external 
conditions which may produce internal 
stimuli of drive value. Acquired drives 
are often evoked by external stimuli: 
danger signals evoke anxiety, taunts, 
anger, and the death of a loved one grief. 





Somewhat more indirectly the intensity 
of drives already operating may be in- 
creased because of the external condi- 
tions. Thus, lack of food, air, water, or 
a suitable sex-object will result in an 
increase in the intensity of internal 
drives. 

In direct contrast to the role of con- 
ditions in increasing the intensity of a 
drive is the relationship which they bear 
to reward. Conditions may serve to re- 
duce the intensity of the drive and thus 
produce a rewarding state of affairs. A 
person stimulated by a loud sound is 
rewarded when the noise ceases; a per- 
son driven by the pain of a knife pressing 
into the skin is rewarded when the knife 
is removed; a thirsty person finds his 


drive intensity reduced when water 
trickles into his mouth and throat; 


anxiety is reduced when the danger sig- 
nal disappears. Learning is primarily 
dependent upon the rewarding function 
of conditions for, unless a reduction in 
drive-intensity takes place, learning does 
not oeeur. 

The conditions may also be important 
to learning because they limit the kinds 
of responses which a person can make. 
This is most obvious in the ease of a 
man bound hand and foot to an elec- 
trie chair or placed in a padded cell. 
But external conditions other than bonds 
and jails restrict responses. A primary 
instance is gravity, a limiting condition 
which man is never able to escape. Be- 
eause of gravity he can jump only so 
high, finds himself unable to fly without 
mechanical apparatus, and so on. Re- 
sponses are also limited by the fact that 
of all the things which might conceivably 
enter into human behavior only a few 
may exist in the surrounding environ- 
ment. The house which man may learn 
to build as a means of providing warmth 
and shelter in a frigid climate can only 
be constructed of the available materials. 
People can not learn to make pottery if 
there is no clay. Where animals which 





d02 


can be domesticated do not exist, no pas- 
toral culture can develop. Furthermore, 
not all the things which the environment 
actually contains may be available at a 
specific stage of development. The tech- 
niques which have been developed in 
material culture may not provide for the 
extraction of certain materials which 
would be available with different and 
more advanced technological processes. 
Iron may be extracted from certain ores, 
but if the technological processes of 
smelting and the like are unknown, the 
iron may remain so hidden that for all 
practical human purposes it might just 
as well not exist in the environment. 
Until such processes are learned, or until 
iron is introduced from another society, 
responses which involve the utilization 
of iron ean not be learned. 

From this analysis it becomes clear 
that external conditions are relevant to 
the process of human learning if they 
provide cues, affect drive stimulation, or 
govern the responses which the organism 
ean make. Implicit in this analysis is 
the assumption that learning only takes 
place in a situation which poses a prob- 
lem. <A problem arises when the situa- 
tion is not immediately rewarding, 1.e., 
when the conditions do not permit a sue- 
cessful goal response. By this definition 
a problem consists in learning how to 
change a nonrewarding situation into a 
rewarding one. It is the function of be- 
havior to make this change, thus solv- 
ing the problem. If the situation is im- 
mediately rewarding, no problem exists. 
The drive is reduced without interme- 
diate instrumental responses and learn- 
ing does not oceur. If the situation is 
not immediately rewarding then a prob- 
lem exists. If a response is then made 
which solves the problem, 2.e., changes 
the nonrewarding situation into a re- 
warding one, learning occurs. Learned 
behavior therefore consists of problem- 
solutions. 

The nature of the drive immediately 
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marks out and specifies in advance the 


reduction in the intensity of that drive 
Thirst, for example, can only be dimin. 
ished if the situation provides a suitable 
liquid. Hunger, likewise, demands cer. 
tain specific conditions for its redue. 
tion. Similarly, fatigue, sex, and pain. 
avoidance drives mark out a_ limited 
number of rewarding conditions. (Con. 
ditions vary in their capacity for driv; 
reduction within the band of tolerance 
set by the drive-specifications. Though 
a person may be able to get some rest 
sitting in the seat of a cross-country bus, 
his fatigue drive will be more adequately 
reduced if he can stretch out in a con- 
fortable bed. The specifications set by a 
drive thus rank conditions in a hierarchy 
in accordance with their drive-reducing 
value. If the specifications are known 
it is possible to predict which one of the 
experienced situations will be preferred 

In real life basic and innate drives 
seldom operate in their virgin state, 
unelaborated by past learning. Peopk 
generally respond under the stimula- 
tion of basic drives as they have been 
modified by previous rewarding experi- 
Acquired drives set more elabo- 
rate specifications than do the basic and 
innate drives. The desiderata imposed 
by thirst or hunger, for example, ar 
less exacting and complex than those 
set by an acquired appetite for Frenc! 
wine or Swedish cooking. Those ace- 
quired drives which motivate instru- 
mental responses leading to drive satis- 
faction are especially likely to set elab- 
orate specifications. As drive-specifica- 
tions become more detailed, the num- 
ber of possible rewarding coaditions de- 
ereases. An example from technology 
will suffice to clarify this point. If a 
man desires a receptacle, that is, some- 
thing which wili hold something else, th 
number of possible rewarding conditions 
is great. If, however, the drive-speciti- 
cations are more complete and detailed 
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the number of possible rewarding con- 
ditions is greatly limited. If he wishes 
a receptacle that will hold water and 
will, at the same time resist fire, the 
number of possible conditions which 
permit the solutions to his problem is 
severely restricted. This is a well-known 
principle in modern technology. Some- 
times, indeed, the specifications are so 
precise and detailed in the manufactur- 
ing processes of to-day that it is possible 
to devise only one way of achieving the 
desired result. 

It is with respect to acquired drives 
that the advantage of knowing the speci- 
feations which they set becomes most ap- 
parent. Only if the drive-specifications 
are known can one adequately identify 
acquired drives. The desire to have chil- 
dren in one society can only be compared 
or contrasted with a similar desire in 
another society if their respective speci- 
fications are known. In one society it 
may be of paramount importance that 
the child born be a boy, that it be born 
in wedlock, and that it show no blemish 
on its skin. In a second society the 
drive-specifications may be quite differ- 
ent. Here the preferred child may be 
a girl, legitimacy may not depend on 
wedlock, and birthmarks may be greeted 
with approval. 

Given a certain set of drive-specifica- 
tions, the response which will be success- 
ful is one that so changes the conditions 
the situation that a rewarding state 
affairs is reached. The kinds of re- 
sponse which will be rewarded, there- 
iore, depend upon the change in con- 
ditions required by the drive-specifica- 
tions. Sometimes this change is rela- 
tively simple and a response is at hand 
to take care of the problem. A baby is 
born into an atmosphere of air. Once 
the baby breathes, air is drawn into his 
lungs. Conditions are such that the 
simple response of breathing does not 
fail. To attain a rewarding state of 
affairs is easy ; the problem is solved by 
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the breathing mechanism. But if cir- 
cumstances are altered and the baby 
falls into the lake, the same mechanism 
sucks water into his lungs. The response 
fails dismally. Such a change in con- 
ditions poses a more difficult problem. 
Some new response must be made if he 
is to get air into his lungs instead of 
water. In solving this problem swim- 
mers learn to hold their breath for a 
short time and then so to twist their 
bodies and move their hands and feet 
that they come up for air. Modern tech- 
nology provides devices which permit a 
portion of the air to be taken beneath 
the water so that breathing can continue. 
Diving suits and bells, submarines, and 
the like are solutions to the problem im- 
posed by the conditions for breathing 
that man finds under water. 

In order to be effective in changing 
conditions, the response must conform 
to the requirements imposed by the laws 
governing such changes. An attempt to 
drink water out of a sieve will fail. The 
same act, if a cup is used, will be sue- 
cessful. An attempt to blow out an 
acetylene torch which is burning the 
skin will not be followed by reward. 
The same act, however, will successfully 
snuff out a match which is too near the 
finger. The success or failure of a given 
act in bringing reward thus depends 
upon its effectiveness in changing the 
conditions. But what are the laws which 
govern the effects of responses upon con- 
ditions? If these laws are known, to- 
gether with the drive-specifications and 
the immediate state of the conditions, it 
will be possible to predict what responses 
will be successful and hence ean be re- 
warded. 

Laws govern changes in 
classes of conditions. Each 
learning situation is different from all 
others. The identical constellation of 
conditions probably never recurs ex- 
actly on two different occasions or for 
two different persons. But while par- 


types or 
specific 
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ticular conditions are never precisely 
duplicated, types of conditions are re- 
peated both spatially and temporally. 
These types depend for their definition 
and recognition upon the abstraction of 
certain characteristics. Thus one bit of 
metal may be classed with another bit 
of metal as of the type iron, because of 
certain characteristics which they both 
share. For the purpose of identifying 
these two bits of metal as iron, the pe- 
culiar and individual characteristics of 
each bit are disregarded. The arrange- 
ment of one crowbar placed against a 
stone is classed with that of a digging 
stick placed against a block of wood as 
being of the type lever. The significant 
characteristic in this instance is the pat- 
tern of arrangement, 7.¢., the position of 
the bar or digging stick with respect to 
the stone or wooden fulcrum ; other char- 
acteristics are ignored. The motion of 
a falling stone is classed with any other 
moving body whose velocity is increas- 
ing positively on the basis of the type of 
motion, in this ease acceleration, which 
they have in common. 

Types of substance, pattern, and mo- 
tion have been the basic subject-matter 
of science. Scientific laws are the prin- 
ciples governing the relationships be- 
tween established types. The existence 
of a large body of knowledge concern- 
ing the principles governing the types 
already established by the various sci- 
ences may well be of enormous assistance 
to the study of the part played by con- 
ditions in the learning process. It seems 
desirable, at the outset at least, to ex- 
amine learning conditions in the frames 
of reference provided by the existing 
sciences. While any grouping of the va- 
rious sciences must be arbitrary from 
a logical standpoint, conditions are 
classified here into the following divi- 
sions: (1) those types of conditions 
whose laws are being developed by 
physies and chemistry will be termed 
physico-chemical conditions; (2) those 
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types of conditions whose laws are be. 
ing developed by biology and _ physi. 
ology will be termed bio-physiologica] 
conditions; and (3) those types of con. 
ditions whose principles of relationship 
are being developed by the social gci- 
ences will be termed psycho-social con. 
ditions. 

Physico-chemical conditions consist of 
types of substance, pattern, and motion 
defined in certain characteristic ways, 
Substances, for example, are typed in 
physics and chemistry by such character- 
istics as density, mass, tensile strength, 
atomic and molecular structure, acidity, 
melting point, and the like. All known 
substances may be typed in physical 
terms, while only a few inert masses 
escape refined classification into chem- 
ical types. In other words both organic 
and inorganic substances may be defined 
in physico-chemical terms as condition- 
types. Physics and chemistry thus clas- 


sify into common types such _notice- 
ably dissimilar objects as human beings, 


trees, lumps of earth, and billiard balls. 
Whenever a problem-solution demands 
effective changes in the physico-chemical 
condition-types of the situation, the re- 
sponses must be in adjustment to phys- 
ico-chemical laws. 
Bio-physiologieal conditions consist of 
types defined according to different char- 
acteristics. Substances, for example, are 
classified into types by biology and 
physiology on the basis of such traits 
as growth, metabolism, cellular and ana- 
tomical structure, and the like. Bio- 
physiology deals only with organic con- 
ditions; all nonliving substances are ex- 
cluded. Whenever responses must deal 
with bio-physiological condition-types, 
they must be in adjustment to bio- 
physiological laws if they are to be ef- 
fective. Thus if drive-specifications de- 
mand a change in the physiological state 
of the human organism, responses will 
be successful if they conform to the laws 
governing such a change. A person ill 
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with pneumonia, for example, can only 
get well by following the rules set by 
physiology as effective in assisting a re- 
turn to health. 

Psycho-social conditions include a still 
narrower range of phenomena. Psy- 
chology types only the higher order of 
mammals and the social sciences restrict 
their types to human beings. Social an- 
thropology has gone far toward estab- 
lishing types of conditions within the 
psycho-social realm. These condition- 
types are conveniently described in 
terms of social structure and culture. 
The social strueture of a society has to 
do with the units which compose the 
society and the relationship between 
them. The persons who compose a so- 
ciety may be typed as members of cate- 
gories and groups. <A person belongs 
to a category if he shares with other 
persons some significant characteristic 
which is correlated with his responses. 
The trait of sex defines such categories 
Other 


for every known human society. 
characteristics used as the basis for cate- 
gories are age, kinship, pregnancy, and 


the like. Groups differ from categories 
in that they are organized. A universal 
group for the human society is the fam- 
ily. The social clique, the functional 
unit of social classes in our own society, 
is another example. 

Culture consists of traditional ways 
of solving problems. Some _ problem- 
solving responses are common to certain 
categories, and others to certain groups. 
In deseribing the culture of a commu- 
nity in the United States, for example, 
the social anthropologist would deter- 
mine the distribution of culture by the 
categories and groups to which the per- 
sons of the community belonged. Within 
that community the effectiveness of re- 
sponses in changing psycho-social condi- 
tions depends upon knowing what re- 
sponses other people will make. The 
prediction of what other people will do 
in response to one’s own behavior is 


made possible by a knowledge of the 
categories and groups within the society. 
Thus, for example, a person seeking ad- 
vice about how to get well from an in- 
fection can predict that he will be more 
successful if he consults a doctor rather 
than a lawyer. 

By casting types of conditions into 
the framework of the sciences which 
deal with them, it is possible to specify 
the laws which govern the effects of be- 
havior on those conditions and to pre- 
dict in advance the kinds of responses 
which will fit the drive-specifications. 
Sometimes, however, a change in the 
conditions occurs following responses 
which have no, or very little, direct re- 
lationship to the responses. This per- 
mits the reinforcement of nonfunctional 
responses. Because of this it is possible 
for magic and ritual to be rewarded. 
instances of this chance reinforcement 
abound in life experience. Control of 
the weather is a famous example. The 
rainmaker carries out a procedure which 
is supposed to bring rain; sometimes 
shortly thereafter rain actually falls. 
The magical behavior which preceded 
the rainfall is rewarded. 

A few examples will clarify this prob- 
lem-solving aspect of behavior. When 
a hungry, thirsty baby sucks at the 
nipple of a nursing bottle, he pulls milk 
into his mouth and then swallows it. 
This change in the situation reduces the 
baby’s drives of hunger and _ thirst. 
Learning principles tell us the effect 
of this event on the future behavior of 
the baby. Since his behavior is re- 
warded the cue-response connections are 
strengthened and an increment of learn- 
ing takes place. The next time a simi- 
lar situation is presented to him the 
sucking response will be more likely to 
occur than before. To understand fully 
this sample of learning, however, it is 
important to know just how the sucking 
response happens to be rewarded. Had 
the baby been driven by pain produced 
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by a pin sticking into its leg, instead of 
by hunger and thirst, the sucking re- 
sponse would not have been rewarding. 
Sucking fulfills the drive-specifications 
set by hunger and thirst, but not those 
resulting from a pin sticking into the 
leg. The response also conforms to the 
requirements set by the conditions. By 
suction the milk is pulled out of the 
bottle and into the child’s mouth. The 
conditions happen to be such that suck- 
ing at the nipple is successful in solving 
this problem. If there were no milk in 
the bottle, if the nipple were impervious 
to milk or so rigid that the baby could 
not squeeze it with his tongue and gums, 
the response would fail. In this latter 
ease the conditions would impose re- 
quirements upon the behavior of the 
child which would not be met by the 
sucking response. It will be noted that 
the condition-types changed by the re- 
sponse in this example fall in the phys- 
ico-chemical realm. That is to say the 
requirements of the problem solved by 
the behavior can be described in physico- 
chemical terms. If, however, the situa- 
tion were different other kinds of re- 
quirements might be imposed upon the 
child’s behavior. Such would be the 
case, for example, if part of the baby’s 
problem were to bring the bottle within 
reach of his hands and mouth. The 
solution to this problem might be to ery 
—a response dependent upon psycho- 
social condition-types for its success. 
The effectiveness of crying in changing 
the situation will depend upon whether 
or not he is heard by a nurse who has 
learned to respond to his eries by bring- 
ing the bottle to him. 

As another example, the problem of 
changing the position of a heavy stone 
may be considered. This problem can 
only be solved by some response which 
conforms to the physical laws governing 
the motion of masses. Yelling at the 
stone, calling to it, spitting on it, and 
many thousands of other possible re- 


sponses will fail. Why? Because t 
move the position of a heavy stone re. 
quires the application to it of a pressure 
greater than its own weight. If the per. 
son is strong enough the stone may be 
moved by lifting, pulling, or pushing jt 
by hand. Such responses, however, re. 
quire considerable effort and, therefore. 
the drive to move the stone must be 
greater than the counter-drive to avoid 
fatigue. The stone can be more easily 
moved by using a lever. Once this solu. 
tion is tried, it will be preferred if it js 
easier to procure a lever and then use it. 
than it is to lift, pull, or push the stone 

If, instead of a stone, a person wishes 
to bring a wild pig to the village from 
the forest his problem is more compli- 
cated. Though the pig may weigh the 
same as the stone, the former differs 
from the latter in that it can move of 
its own volition. Conceivably the fact 
that the pig can move by itself might 
be turned to good account. The pig 
might be lured to the village. Whether 
or not this will be successful depends 
upon the laws governing the behavior 
of wild pigs. If the pig is hungry 
enough and if its tendency to avoid hv- 
man beings is not too strong to overcome 
the tendency to approach food, the hun- 
ter could drag food in front of the pig 
and thus entice it to his village. An- 
other way of solving the problem is to 
nullify the requirements imposed by the 
way in which animals behave. This can 
be done by rendering the pig powerless 
to move by itself. Thus the hunter 
might lure the pig into some kind of 
trap (one which the pig will not have a 
strong tendency to avoid) and then truss 
its legs in such a way that it can not 
move. Or he could poison the pig, ren- 
der it unconscious with a blow, or kill 
it. Such responses change the condi- 
tions to the extent that the pig can now 
be treated exactly like a stone. The con- 
ditions determining the successfulness of 
the hunter’s response have been changed. 
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The requirements of his problem now 
permit responses which succeeded in 
moving a stone to be effective in moving 
a pig. 

[f a warrior wishes to bring home the 
body of an enemy human being, instead 
of a pig, his behavior must conform to 
still more complex requirements. He is 
dealing not only with a heavy mass like 
the stone, not only with an animal which 
can move of its own volition and can be 
dangerous to his welfare like the pig, but 
also with an animal who is a member 
of a society. As a member of another 
society, the enemy is likely to have com- 
rades-in-arms who will come to his as- 
sistance. To deal successfully with the 
problem, therefore, the warrior must 
make responses which will cope ade- 
quately with the complications arising 
out of the position of his enemy in an 
alien society. Requirements from the 
psycho-social realm are added to those 
from the bio-physiological and physico- 
chemical to which his behavior must con- 
form if his response is to be successful. 
In adjustment to these new requirements 
the hunter may prevail upon his friends 
to enter the alien country on a raiding 
expedition, thus adjusting to the coop- 
erative effects of his enemy’s comrades 
in defense. At the same time, he may 
choose to make the raid in the early 
hours of the morning when he knows it 
is the custom for his enemies to be sleep- 
ing. Such responses are in adjustment 
to the additional requirements imposed 
upon his problem by the fact that the 
enemy, unlike the pig and the stone, is 
a member of another society. 

It will be noted that certain require- 
ments imposed upon the warrior’s be- 
havior depend upon the way in which 
the enemy reacts to the situation. When 
the enemy sees the warrier he will act 
as he has learned to act when he sees 


a person whose characteristics identify 
him as a warrior from a hostile tribe. 
The enemy will identify the 
stranger as a hostile warrior and this 
will be the cue to a specifie set of learned 
If the warrior could avoid 


thus 


responses. 
being placed in this category, or delay 
such recognition, he might partially nul- 
lify the requirements imposed upon his 
responses by the reaction to him on the 
part of the enemy. This explains in 
good part the advantage of 
such as sneaking up quietly upon the 


responses 


enemy, using camouflage or disguise, and 
attacking when the light is so poor that 
it is difficult to see. 

It has been pointed out that human 
behavior is learned according to the 
principles of learning. Learning prin- 
ciples always operate in a learning situ- 
ation composed of certain conditions. 
The conditions composing such a situa- 
tion are relevant to the learning process 
if they provide cues, influence drives, 
or limit possible responses. Moreover, 
learning only takes place in a dilemma, 
1.e., When an organism is faced by a prob- 
lem. Problems arise when the drive- 
specifications are not immediately met 
by the existing situation. The problem 
thus posed is one of changing the con- 
ditions of the situation so as to bring 
about a rewarding situation, 7.e¢., one 
which will fit the drive-specifications. 
In solving such problems, responses must 
conform to the laws governing changes 
in the condition-types involved if they 
are to be successful. 
which are consistently followed by sue- 
cessful changes in conditions are the 
ones which are learned and persist. Cul- 
ture, therefore, is composed of responses 


rr i 
hose responses 


which have been accepted because they 
have met with success; in brief, culture 
consists of learned problem-solutions. 





COSMIC EMOTION 


By Dr. PAUL R. HEYL 


PHYSICIST, NATIONAL BUREAU OF STANDARDS 


Every one of us is born into a wonder- 
land—the universe in which we live and 
move and have our being, and which, 
from the dawn of human thinking, has 
exerted a profound fascination upon the 
mind. 

Man’s reaction to the riddle of the 
universe is an interesting study, leading 
to a conclusion perhaps rather unex- 
pected—that in this respect modern man 
differs less from his primitive forbears 
than might be supposed. An analysis of 
the cosmic emotion evidenced in the 
earliest human records reveals six prin- 
cipal elements in its composition, five of 
which are to be found in modern man, 
all qualitatively unaltered, though in 
some cases much intensified. The sixth 
element, though strong in earlier times, 
has now almost faded away, but its place 
has been taken by a seventh element of 
distinctly modern origin. 

First and foremost among these per- 
manent elements we may place wonder 
and its invariable concomitant, curiosity. 
The presence of these elements in very 
young children testifies to their ancient 
racial character. It is recorded that the 
physicist Clerk Maxwell, in his early 
years, was continually asking his elders: 
‘‘What is the go of that?’’ Every parent 
ean match this from his own experience, 
and primitive man doubtless asked many 
such questions with no one to answer 
them. But curiosity, like hunger, be- 
comes stronger the longer it remains un- 
satisfied, and lacking an answer it will 
manufacture one for itself. 

The records of the past are full of such 
guesses at the causes of natural phe- 
nomena, mostly anthropomorphic in char- 
acter. The stormy waves of the sea were 
caused by the wrathful strokes of Nep- 


tune’s trident; the attraction of the mag. 
net for iron was due to an indwelling 
spirit, and the thunderbolts of Jove 
still live in poetic parlance. Gradually, 
however, man learned that there was one 
source from which he could obtain an 
answer to his questions—nature herself, 
It has been well said that an experiment 
is a question put to nature, and it is in. 
teresting to reflect that the experimental 
method and the growth of modern sci- 
ence have their origin in the urge of 
these two primitive instinets—wonder 
and curiosity. 

Primitive though they may be, these 
elements are still with us. Time has but 
strengthened and ripened them, and 
widened their field of application. It is 
no longer necessary that an occurrence 
be rare or spectacular to excite our 
wonder. We have learned that the 
simplest and most commonplace natural 
phenomenon, even the falling of an apple 
from a tree, is, when we stop to think 
about it, as Newton did, wonderful past 
all speaking. Nor is this recognition of 
the wonder of the commonplace confined 
to scientific men. 

Seventy years ago, some of William 
Kingdon Clifford’s most successful popu- 
lar addresses on science were given be- 
fore audiences of London working men. 
It is true that Clifford was the greatest 
master of lucid exposition in our lan- 
guage, but some of the credit must be 
given to the receptive audiences. It is 
unthinkable that even a Clifford could 
interest, say, a primitive group of Aus- 
tralian black-fellows in such subjects 
without the liberal use of experiments 
according to the classical definition—in- 
volving a bright light or a loud noise. 

Several years ago I was asked to de- 
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liver an address before the scientific staff 
of the General Electric research labora- 
tory at Schenectady, and also to make 
a popular broadeast from their radio 
station. As a subject for the address to 
the staff I suggested: ‘‘Old and new 
ideas about gravitation,’’ and for the 
radio broadeast: ‘‘ Practical suggestions 
for improving the acoustics of build- 
ings.’’ I was advised by the manage- 
ment of the radio station to use the same 
subject for the broadeast that I had 
chosen for the staff meeting, as their ex- 
perience told them that it would excite 
the greater popular interest. 

The third element in man’s cosmic 
emotion is reverential awe. This also 
dates back to remote antiquity, as is evi- 
denced by the world-wide prevalence of 
sun worship. With the passing centuries 
this element has lost none of its strength. 
It has been a favorite theme of the poets, 
ancient and modern. The words of the 
Psalmist are familiar to us all: 

The heavens declare the glory of God, and the 
firmament showeth his handywork. 

Day unto day uttereth speech, and night unto 
night showeth knowledge. 


Three thousand years later Tennyson ex- 
presses the same feeling: 
Flower in the crannied wall, 
I pluck you out of the crannies :— 
Hold you here, root and all, in my hand, 
Little flower—but if I could understand 
What you are, root and all, and all in all, 
I should know what God and man is. 


Closely. connected with this element of 
reverential awe and, in fact, a corollary 
to it, is man’s feeling of his own insig- 
nificance as compared with the physical 
universe. David gives expression to this 
also: 

When I consider thy heavens, the work of thy 
fingers, 

The moon and the stars which thou hast or- 
dained, 

What is man that thou art mindful of him? 

With the growth of our knowledge of 
the universe this feeling of our own phys- 
ical insignificance has been greatly in- 
tensified. It is perhaps not generally 


realized how small the ancients believed 
the universe to be. The Greeks placed 
the abode of the gods no farther away 
than the summit of Mount Olympus. 
Omar Khayyam complains of his 
cramped quarters: 

And that inverted Bowl they call the Sky, 
Whereunder crawling coop’d we live and die— 
A legend of the days of Mohammed tells 
how the Prophet made a round trip to 
heaven and back in one night, mounted 
on a miraculous steed, to confer with 
Allah about the number of prayers to be 
required of the faithful. Even allowing 
for the element of the miraculous, such 
a legend could hardly have taken root 
and flourished in the environment of our 
modern ideas of the size of the universe. 
Contrast the ancient concept of the uni- 
verse with that of the present day, and 
we can begin to appreciate how much 
this feeling of physical insignificance 
has been intensified. 

But no matter how insignificant an in- 
dividual may feel, there is a certain mea- 
sure of compensation in feeling one’s 
self to be a member of a large group, and 
the larger the better. For this reason 
speculation as to the possibility of intelli- 
gent life elsewhere in the universe has 
been particularly attractive to our earth- 
bound race. 

A generation ago there was much dis- 
cussion of the question of possible in- 
habitants of the planet Mars. Little is 
now heard of this in scientific circles. 
Cosmically speaking, life as we know it 
is a delicate hot-house plant, capable of 
existing only within rather narrow limits 
of temperature and composition of at- 
mosphere, and every increase in our 
knowledge of these conditions as they 
prevail on Mars has made the existence 
of intelligent life on that planet more 
and more improbable. The same applies 
to all the other planets of our solar sys- 
tem; they are either too hot or too cold, 
or their atmospheres lack sufficient oxy- 
gen and water. 

But are not the stars of heaven suns 
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like our own, and among these millions 
of suns and their attendant planets is it 
not reasonable to suppose that there may 
be a few thousand bodies as well fitted as 
our earth to sustain human life? 

lor this question astronomy has rather 
a staggering answer. It is true that 
these stars are suns, but it does not neces- 
sarily follow that they all have planetary 
systems. It fact, it is now regarded as 
quite possible that but very few of them 
are so favored. Jeans goes so far as to 
call our system a freak system, and to 
suggest that there may be but one other 
like it. 

There is to-day no perfectly satisfac- 
tory and generally accepted theory of the 
origin of our solar system. That the 
planets once formed part of the sun is 
beyond doubt, but how they came to be 
detached from it is still uncertain. La- 
place’s nebular hypothesis, after a reign 
of more than a century, had to be aban- 
doned, as it was found that it failed to 
satisfy an important condition of celes- 
tial mechanics. Several other hypotheses 
have been proposed, none of which is 
completely satisfactory, but all of which 
agree in ascribing the origin of the solar 
system to a close approach or a grazing 
collision between our sun and another 
star. And so widely scattered are the 
stars of heaven that such an encounter 
eould not be expected to occur oftener 
than once in ten million million years. 
Our little colony of life may be only an 
ant hill in a vast desert, and man’s feel- 
ing of physical insignificance is intensi- 
fied by a sense of cosmic loneliness. 

These four elements—wonder, curios- 
ity, reverential awe and physical insig- 
nificance, have been features of man’s 
cosmic emotion since earliest times, and 
bid fair to remain so as long as our race 
shall last. Such changes as time has 
wrought in them have been quantitative, 
in most eases an increase in intensity. 
To these four is to be added a fifth, 
which, though prominent in bygone 
years, has now almost faded away— 
superstitious fear. 
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During the Middle Ages it was the uni- 
versal custom in Europe to ring the 
church bells on the approach of a thun- 
derstorm with the idea of frightening 
away the Prince of the Power of the Air 
and his attendant demons. 
to be seen in old churches bearing jn- 
scriptions such as ‘‘I break the light- 
ning,’’ or ‘‘I put demons to flight.’’ In 
earlier days this fear often prompted hu- 
man sacrifice in times of famine or 
pestilence, to appease the supposed 
anger of the gods. In some places, on 
the principle that prevention is better 
than cure, a human victim was sacrificed 
annually in the spring of the year in or- 
der to ensure fertility of the fields during 
the coming season. In our time this ele- 
ment of superstitious fear has all but 
disappeared, but its place has been taken 
by another element, qualitatively new, 
and of distinctly modern origin. 

The supposed agency of demons and 
spirits in natural phenomena has, with 
the modern development of the sciences, 
been replaced by physical causation and 
laws of nature. These laws are now s0 
well understood that we can, for instance, 
predict with reasonable accuracy a clear 
or rainy morrow, and with perfect ac- 
curacy an eclipse of the sun. Passing 
from the macrocosm to the microcosm, 
we have learned the cause of many dis- 
eases and the cure for some of them. We 
prefer lightning rods to church bells 
and antitoxins to incantations. Though 
much of nature is still beyond our pre- 
diction or control, it is no mean attain 
ment to have achieved a sufficient intel- 
lectual mastery of our environment to 
begin to understand it. And as we pass 
the Cosmos in review before the mind 
and reflect that of all nature man alone 
has achieved this mastery, there wells 
up within us a sense of intellectual su- 
periority that goes far toward alleviating 
our feeling of physical insignificance. 
Man may be but the merest speck in the 
universe, yet in his intelligent compre- 
hension of it is he not but little lower 
than the angels? 
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In the year 1875 the physicist Maxwell 
gave this growing feeling of intellectual 
superiority a powerful stimulus. 

The more we have learned of the laws 
of nature the more profound is the re- 
spect which they have inspired. Like the 
laws of the Medes and Persians, they 
alter not. We may defy them, but no 
one is sufficiently influential to escape 
the consequences of his defiance. Such 
progress as we have made in the control 
and utilization of natural forces has been 
attained by making allies of some of 
them, and cunningly pitting one force 
against another, as, for instance. the air 
resistance to a parachute against the 
force of gravity on the aviator. Imagine 
then the effect produced in the scientific 
world when Maxwell pointed out that it 
lies within the power of intelligence to 
reverse the action of one of nature’s fun- 
damental laws, known as the second law 
of thermodynamics. 

According to this law heat, like water, 
when left to itself, naturally runs down 
hill. If we put a cold spoon in a cup of 
hot tea the spoon becomes warmer and 
the liquid cooler. This transfer of heat 
from the higher level of temperature to 
the lower will continue until both spoon 
and liquid reach a common level of tem- 
perature. It would be against all ex- 
perience to expect the spoon to become 
colder and the tea hotter. 

It is true that water can be raised from 
a lower to a higher level, but only by ex- 
pending work upon it, as, for instance, 
by lifting it in a bucket or by working a 
pump handle. And it is possible to make 
heat run up hill from a cool body to one 
that is warmer, but, as with water, only 
at the price of expenditure of work. But 
Maxwell showed that it is theoretically 
possible for intelligence to bring this 
about without expending any work. The 
practical difficulty is that we lack for the 
present a vision keen enough and a touch 
delicate enough to see and handle the 
single molecules of which all bodies are 
composed. 


Of the three states of matter, solid, 
liquid and gaseous, the structure of a 
gas is the simplest, and it was upon this 
that Maxwell based his demonstration. 
Imagine a swarm of bees flying about in 
a closed box, colliding with each other 
occasionally, and rebounding from the 
walls of the box. Suppose also that some 
of the bees are flying rapidly and some 
slowly, while the majority are flying at 
intermediate speeds, and you will have a 
good idea of the structure of a gas. The 
molecules of which a gas is composed are, 
of course, very small, far too small to be 
seen with a microscope, but their number 
is so great and their velocities so high 
(of the order of a mile a second) that 
the pressure produced by the joint im- 
pact of millions of these molecules upon 
the walls of the containing vessel is by 
no means inconsiderable. This it is, in 
fact, which sometimes bursts a steam 
boiler. 

When we say that a gas or a vapor is 
‘‘hot’’ it is our way of expressing the 
physical fact that its molecules have a 
higher average velocity than those of a 
cooler gas. The molecules of the hot 
steam inside the boiler are moving much 
more rapidly than those of the air out- 
side, and the pressure on the boiler plates 
from within is greater than the counter 
pressure from without. The wall of the 
boiler is supposed to be strong enough to 
take care of this difference of pressure, 
but if the water is kept boiling vigor- 
ously the number of steam molecules 
continually increases until their joint 
impact is so great that the boiler plates 
give way. 

Returning to Maxwell’s argument, im- 
agine a gas contained in a vessel divided 
into two parts by a partition, and sup- 
pose the gas on either side of the par- 
tition is at the same temperature, that is, 
the molecules on each side have the same 
average velocity. Suppose that there is 
a tiny door in the partition, in charge of 
a little intelligent being who can see the 
molecules and distinguish between the 
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rapidly moving and the slow ones. 
When this being sees a rapid molecule in 
the right hand compartment headed for 
the door it is his duty to open the door, 
and let the molecule pass into the left 
compartment, but he is to keep the door 
closed against slow molecules on the 
right. Conversely, he is to allow only 
the slow molecules to pass from left to 
right. By this sorting process the aver- 
age velocity of the molecules on the right 
will continually decrease, while that of 
those on the left will increase. The ef- 
fect of this will be that the temperature 
of the gas on the left will rise while that 
of the right will fall, and heat will run 
up hill. 

This argument of Maxwell’s is some- 
thing more than an interesting fairy tale. 
It teaches us that when, from our experi- 
ence, we have formulated what we call a 
law of nature we are not to regard this 
as the last word on the subject; that 
nature’s way of working when left to 
herself may be radically altered when in- 
telligence takes the reins. Nor is the 
necessary degree of intelligence to be 
regarded as an unattainable ideal. Much 
progress has been made in this direction 
since Maxwell’s day, and more will be 
made in the future. While we are not 
yet able to see molecules we can do many 
things with them without seeing them. 
We ean, for instance, count the number 
of molecules in a cubic foot of a gas with 
at least as great accuracy as we can count 
the population of New York City. 

There is much justification for the feel- 
ing of intellectual superiority with which 
man surveys his environment. The in- 
tensity which this feeling may attain is 
well illustrated by an old story. 

It is said that at one time an astron- 
omer discovered a new star, which he 
found by his measurements to be ap- 
proaching the earth with a high velocity. 
He calculated that it would strike the 
earth in a few months. He did not an- 
nounce his discovery, fearing to witness 
the orgy of lawlessness and despair 
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which might follow such an announce. 
ment, but night after night he studied 
this approaching doom, fascinated by it, 
One night he spoke out and addressed the 
star as follows: 

“*T know that you will soon destroy me 
and everything living, but I can ealeu- 
late the day—nay, even the hour when 
this will happen, while you are but a 
blind, brute thing, and I would not 
change places with you!’’ 

There is one more element in our ¢os- 
mic emotion to be considered. Man finds 
himself in a wonderland which excites 
curiosity and inspires awe. He feels his 
own physical insignificance and _ the 
transitory nature of his stay, and yet he 
is not content to be a mere ‘‘super”’ in 
the cosmic drama, but feels qualified for 
a speaking part. He wants to be re- 
membered, he feels an urge to leave his 
mark on the universe, at least upon such 
portion of it as is within his reach. 

We can trace this element far back 
into antiquity. This it was which built 
the pyramids, and which prompted the 
proud boast of the Roman emperor who 
said: ‘‘I found Rome of brick, and left 
it of marble.’? In modern times this 
element has suffered a qualitative 
change, and has assumed a form less 
materialistic and more altruistic, but the 
primitive urge is still there. When the 
founder of the Smithsonian Institution 
made his will by which his estate was left 
to the United States of America, ‘‘for 
the increase and diffusion of knowledge 
among men,”’ his solicitor expressed sur- 
prise at this unusual bequest. Smithson 
replied : ‘‘My name will be known among 
men when the Pereys and Northumber- 
lands are forgotten.’’ 

But after all, such monuments, phys- 
ical or intellectual, can affect only a tiny 
fraction of the universe—our earth and 
its inhabitants. In ancient times, when 
the earth was regarded as the most im- 
portant part of the visible universe, one 
might reasonably feel that in beautifying 
a city or in bettering human society he 
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bad done something of cosmie impor- 
tance, but with our broader outlook the 
case is different. Not that this detracts 
in the slightest from the laudable char- 
acter of such efforts, but considering our 
cosmie insignificance all such efforts must 
be recognized to be of but local and tem- 
porary importance. 

But there are times when all of us find 
it a relief to think qualitatively rather 
than quantitatively. Archimedes, that 
pioneer mechanical engineer, is reputed 
to have said: ‘‘Give me a place where I 
may stand, and I will move the earth.”’ 
The modern engineer does not even ask 
for a place to stand, for he knows that 
by merely shooting a bullet in an easterly 
direction he can (to a microscopic ex- 
tent) play the part of Joshua and 
lengthen the day. Moreover, he knows 
that (still qualitatively speaking) he can 
perform actions whose results reach far 
beyond terrestrial limits. When he 
strikes a match to light his cigarette as 
he walks down the street, he knows that 
he has started light waves, some of which 
will travel outward and onward in space, 
perhaps forever. 

With increasing knowledge of the uni- 
verse our eyes have been opened, and we 
see that our actions may sometimes have 
a small measure of cosmic scope. It is 
inevitable that this should lead to specu- 
lation as to the possibility of broadening 
and inereasing our cosmic reach. But 
here we leave the realm of fact and enter 
that of fancy. It is an attractive realm, 
as we all know, and by your leave I will 
tell you another story. 

As I journeyed through the world I 
came to the shore of an ocean reaching 
far as the eye could see. The water of 
this ocean was colorless and transparent, 
and was ceaselessly in motion; even in 
parts where there were no breakers the 
water was continually moving in cur- 
rents. And as I walked along the shore 
I noticed that there was no living thing 
in the water, not even a blade of sea- 
grass; nor did any living thing appear 
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on the beach as far as I could see inland. 
Thus I wandered ever along the shore of 
the ocean, watching for some living 
thing, but finding none. 

At length, after many miles of travel- 
ing, I came to a place where the sea ran 
inland, forming a little pool wherein the 
ceaseless currents played. By the side 
of this pool there lay an old man, gazing 
intently into the beautiful clear sea 
water, and my heart was glad at the sight 
of a living thing. 

‘Tell me, father,’’ said I, ‘‘what is the 
name of this ocean? And what curse is 
laid upon it that there is no living thing 
in its waters?’’ 

The old man looked at me for some 
moments without speaking. Then he 
said, apparently ignoring my first ques- 
tion : 

‘‘There are living things in it, but 
they are few.’’ 

‘‘T have traveled many days,’’ said I, 
‘*but I have seen none.”’ 

‘When I was your age, my son,’’ said 
the old man, ‘‘I traveled many months 
before I found them, and I have lain 
here watching them ever since.’’ 

I looked in the pool, and I saw amid 
the ceaseless water-currents a swarm of 
living things, hollow, clear-walled crea- 
tures, some like single bubbles, some like 
a heap of bubbles fused together ; and the 
sea water within them was colored a 
beautiful rich tint which was new to me. 
I saw that in those creatures which were 
composed of many bubbles the color was 
deep, while in the simpler ones the color 
was paler, and in the single bubbles I 
could detect no color at all. I watched 
the creatures swimming about and pul- 
sating rhythmically, and I said to the 
old man: 

‘‘They are beautiful! And are these 
the only living creatures in the ocean?”’ 

He shook his head. ‘‘I do not know. 
The ocean is so vast—there may be others 
—but I have found none.’’ 

I looked again in the pool, and I saw 
that some of the creatures lay still, and 
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their color was paler than that of their 
fellows of like degree of complexity. The 
old man said: ‘‘They are sleeping.”’ 
And I saw one creature which, from its 
complexity, should have had the deepest 
color of all, but it lay motionless and 
colorless; and the old man said: ‘‘It is 
dead.’ 

I asked the old man: ‘‘What gives to 
the water within the living creatures its 
color? Do they secrete coloring matter ?”’ 

He answered: ‘‘I thought so when I 
first began to study them, but it is not so. 
Do you see the hairs that line their in- 
ternal cavities?’’ 

I looked, and I saw that the creatures 
had little hairs within, and that these 
hairs were constantly moving, beating 
and churning up the sea water within. 
The old man said: ‘‘When the sea water 
is beaten thus it suffers a subtle change 
and becomes colored.”’ 

And I said: ‘‘Why then is not the 
whole ocean colored, since it is ceaselessly 
beating upon its shore?”’ 

The old man said: ‘‘I do not under- 
stand it; but it seems that it becomes 
colored only when it is stirred up by 
living creatures.’’ 

As I silently mused over this my ear 
eaught the sound of a faint chirping. 
The old man said: ‘‘It is made by the 
creatures in the pool. The more complex 
ones are able to utter sounds, and the 
highest of all are even able to communi- 
cate with each other by this means.’’ 

“They talk!’’ said I. ‘‘Then they 
must think!’’ 

‘* Ay, that they do,’’ said the old man, 
‘‘and strange and sad are some of their 
thoughts; for in the years that I have 
studied them I have come to understand 
a little of their language. For instance, 
this beautiful color is to them the very 
essence of the pleasure of their lives. 
The deeper colored pity the paler, and 
pity most of all those single bubbles 
which appear devoid of color.’’ 

‘‘Are they really colorless?’’ said I, 
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‘for is their color only so pale as to be 
imperceptible ?’’ 

The old man bade me look again in the 
pool. 

‘*Do you see,’’ said he, ‘Show the most 
complex and active creatures, having 
many hairs moving, are the deepest in 
eolor, and how those with fewer hairs to 
churn the water are paler? Are the sin- 
gle bubbles totally devoid of hairs?”’ 

‘*No,’’ said I, ‘‘they have a few, and 
these move slowly.’’ 

‘‘What think you then? Are these 
devoid of color, or is it simply a question 
of degree?’’ 

I felt that my question was answered 

*“Ay,’’ continued the old man, ‘‘it is a 
question of degree; for once or twice in 
the years that I have watched them ] 
have seen single bubbles, under stress of 
ereat excitement, churn the water within 
them so vigorously with their few hairs 
that it assumed a pale tint.’’ 

Then I said, remembering how I had 
seen the sleeping ones and the dead one: 
“‘The depth of color in any creature 
seems to be proportional to its bodily 
activity; and among different creatures, 
to their complexity.’”’ 

‘‘Right,’’ said the old man, ‘‘and this 
fact has been recognized by the most 
complex creatures themselves.’’ 

I said: ‘‘When the creatures sleep or 
die, and their color fades, what becomes 
of it? Is the change produced by beat- 
ing the sea water so unstable that when 
the beating ceases the water reverts to 
its colorless condition ?’’ 

The old man looked grave. ‘‘So I 
thought at first, and many a sad hour 
have I passed thinking of the labor spent 
in producing this beautiful color, so un- 
stable that it was doomed to perish with 
the ceasing of the labor that produced 
it. But,’’ and here his face brightened, 
and he spoke with assurance, ‘‘it is not 
so. This change once produced is per- 
manent; it can never be undone.’’ 

‘‘But what then becomes of the 
eolor?”’ 














He pointed to the pool, and I looked 
in. One of the most deeply colored 
creatures was just falling asleep. Slowly 
and still more slowly moved the hairs 
within it, and its color gradually faded. 
| watched closely, but I could not see 
where the color went. Then there came 
an instant when the ceaseless wash of 
the currents slackened, and in that in- 
stant I saw the water about the creature 
tinged with the beautiful color. I looked 
up at the old man. 

‘*Ay,’’ said he, ‘‘the color is perma- 
nent; but the colored water continually 
diffuses through the creature’s body, 
waking or sleeping, and is dispersed and 
diluted in the vast ocean. When they 
sleep their motion is so far reduced that 
diffusion renders them pale; and when 
they die they become absolutely colorless. 
But the color does not die, the beautiful 
color—no, it can not.’’ 

‘And do they know this?’’ said I, 
pointing to the pool. His face again 
became grave. 

‘*T find that there is a great difference 
of opinion among the most complex of 
them. They all realize that it is this 
color that makes their lives worth living, 
and they recognize that its intensity is 
proportional to their bodily activity. 
They have an instinctive feeling that the 
color is permanent, but they are sorely 
puzzled to account for its fading during 
sleep and its disappearance at death; so 
that some say that this instinctive feeling 
of the permanence of the color is a delu- 
sion; that the color is really a most un- 
stable thing, and that colored sea water 
can exist only within a living organism. 
This conclusion they sorrowfully accept 
and make the best of it. Others there are 
who refuse to accept it, and who cling 
to their instinet.’’ And the old man 
sighed as he looked at the restless wash 
of the water in the pool. Presently he 
said : 

*‘How long will it take, think you, 
until the whole ocean becomes of this 
beautiful ecolor?’’ 
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I said: ‘‘If there be other creatures 
elsewhere, and many colonies of them—’”’ 

**Nay,’’ said he, ‘‘I know not if there 
be suech—I hope—but how long ?”’ 

I looked long and silently in the pool. 
Then I said: 

‘*T see some creatures that are very 
pale; and they are not asleep, for they 
are moving about.’’ 

The old dark. 
‘‘These are lazy ones,’’ said he. ‘‘They 
have allowed themselves to become dis- 
say: ‘Why should we 


man’s brow grew 


couraged, and 
labor and beat our hairs to produce a 
eolor which must perish with us?’ These 
are they that retard by just so much the 
coloring of the ocean.’’ 

‘‘Nay, father,’’ said I, ‘‘be not angry 
with them. It is but natural. Remem- 
ber that they do not know.’’ 

‘“‘True,’’ said he, and his face grew 
kind and pitiful. ‘‘They do not know.’’ 

Said I: ‘Suppose some great falling 
rock should crush these creatures out of 
existence ?”’ 

‘‘But the 
‘‘The color can not be crushed 
existence! And the ocean 
there may be other colonies elsewhere; 
and even if there be none now, they may 
in time arise as this colony has done, I 
know not how. The ocean will be col- 
ored !”’ 

I was silent a long time. Then I hap- 
pened to think of my first question, 
which still remained unanswered. 

‘Tell me, father,’’ said I, ‘‘what is 
the name of this ocean ?”’ 

**T have never heard but one name for 
it,’’ said he, ‘‘and that is the name given 
it by these creatures themselves. ’Tis a 
strange name; there is no exact equiva- 
lent for it in our language. The nearest 
is Energy-of-the-Universe.’ 

‘*And what do they call this beauti- 
ful color?’’ 

‘‘They are not agreed upon a single 
name. Some call it Consciousness, and 
some eal] it Soul.’’ 


said the old man. 
out of 


eolor!’’ 


is so vast— 
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THE UNIVERSITY AND THE FUTURE 
OF AMERICA! 


A SIGNIFICANT program was arranged 
to celebrate the fiftieth anniversary of 
the founding of Stanford University. 
Sixteen of America’s busiest scholars 
who have contributed largely to the 
world’s thinking accepted places on that 
program. Manuscripts of the addresses 
were assembled and edited by President 
Ray Lyman Wilbur under the above title. 
The theme selected for the celebration 
had been given to each speaker. Each 
one selected a theme for himself, which 
appears as his own chapter heading, but 
presumably each kept in mind the main 
theme of the entire program. However, 
that main theme was often quite eclipsed 
by the speaker’s foreeful and appro- 
priate presentation of his own guiding 
stars which have led him in his preceding 
decades of work. That was inevitable, 
since thoughtful men usually are best 
when speaking of matters to which they 
have given prolonged and fundamental 
consideration. Even so, sixteen ad- 
dresses, each masterful and distinct, may 
provide good foundation for study of the 
problems of ‘‘The University and the 
Future of America.’’ Few of the speak- 
ers ventured into prophecy, mostly leav- 
ing what they said as sorts of known 
scaffolding extending off from the shore 
a little way, but not leaving the footing 
of secure land for less stable and turbu- 
lent areas of the open sea. The impossi- 
bility of writing a true review of this 
book does not constitute an adverse criti- 
cism. Had the book merely been scanned 
for general impressions, the preparation 
of this account would be less difficult. 

In the first chapter, the reader follows 
President Isaiah Bowman in his almost 
poetic analysis of what people want, why 

1 The University and the Future of America. 
Ray Lyman Wilbur and fifteen others. ix +27 
pp. $3.00. 1941. Stanford University Press. 


t 


66 


and how they achieve it, his comment 
that usually people think ‘‘heaven is the 
absence of extreme heat or extreme cold; 
to others it is the absence of hunger, or 
sorrow, or night bombing.’’ But to 
Bowman ‘‘heaven is a state of so- 
cial mind that tries to do something 
about the future, and looks around for 
means to ameliorate unnecessary hard- 
ship and to foretell a wise course of 
community action. Science is man- 
ageable and swift in development largely 
because it is impersonal; atoms do not 
eare. Social objectives . are the ex- 
pression of a people’s will, . 
each man is thinking of his own good and 
only a few are thinking of the general 
good.’’ But since it is the scientist who 
knows the atoms which ‘‘do not eare,”’ 
and since the scientist is surely a part of 
the social problem, he can not rightfully 
continue to escape his participation in its 
Intelligent and educated people 
n 


when 


solving. 
must all accept their personal part 1 
society’s problems. To laugh these off is 
stupid and suicidal. Bowman devotes 
much of his chapter to showing how his 
foundational conceptions might affect 
problems of conservation of natural, 
human and cultural resources. ‘‘We 
make a fundamental mistake if we sup- 
pose that we have either conquered na- 
ture or come to the end of our knowledge 
about her.’’ But we must act every day 


though we often possess only part of the 


needed knowledge. Even democratic 
choices are often very unintelligent and 
badly willed. Eight guiding principles 
are developed and urged for adoption and 
use. These recognize the past, use the 
present and anticipate the future. In- 
deed one could with justice ‘‘define eivili- 
zation today as an operating system of 
statistical services whose progenitors are 
found in the old Babylonian Kingdom. 

statistics about the tools are almost 
as important as the tools.’’ And the 
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the out 


is dependent upon our own intelli 


‘is not all mystery. 


-endurance, Imagination, and will.’ 
Professor E. O. Lawrence's chapter on 
e New Atom’”’ 


nt summary ol research as 


Krontiers in the IN a 
atomle 
ed to the periphery of its area of 
To review the chap- 
would be to repeat much of it. Rob- 
A. Millikan, great teacher that he is, 
ned his attention primarily to three 
American 
n; selection of those who are compe 


sent knowledge. 


damental needs in edliiea 
tent to be educated in our present system, 
and rejection of the large numbers not 
competent ; development of types of 
schools, Shops and apprentice situations 
in which there may be trained the large 
numbers not competent to benefit by the 
present educational system; and citizen 
ship education to the end that ‘‘at least 
cent. of the 


capable of casting intelligent votes, and 


fifty-one per voters are 
this requires a fairly broad education up 
to the age of seventeen or elghteen.”’ 

** Eduea 


Law’ 


Roscoe Pound’s chapter on 
Social through 
justifies publishing the book. That cer- 
tainly is true also of Edward Lee Thorn- 
Indeed, 


these two preeminent scholars have pro 


tion and Control 


dike’s ‘*Human  Resources.’’ 
duced chapters which might well be re 
quired reading in their respective fields 
for every one who wants foundations for 
vuidance reearding the objectives and 
means of human advance as well as clear 
limits on what is now known. 
Education for Women (Aurelia Henry 
Reinhardt Biological Basis of Human 


Nature (Herbert 
Unified Approach to Knowledge and Life 


Spencer Jennines 
Science as a Liberal 
: Medical 
Cannon 


Lewis Mumford 
Edwin P. Hubble) 
(Walter B. 

Products (Charles F. Kettering 

American Writers and the Future 
Archibald) MacLeish) ; 
nd the Changing Society of 


William F. | 


Edueation 
lnvestigations 


Vew 


The University 
the Future 
His- 


Oeburn Economics, 


LAY MIEN 


{ 


tory, and the American University of 
the Future Edwin FE 
Herbert Hoover. 


Oris W 


Cray and 


Resume, by complete 
the list CALDWELI 
THE CHEMICAL CONTROL 

OF BACTERIA 
hook cle 


most penetrating 


THIS Is an ambitious little 


signed to answer the 
curiosity about the whole science of con 
trol of bacterial infection 

The first two chapters do an amazingly 
complete job of presenting in a nutshell 
both the theory and the practical aspects 
of infection and immunity. This is done 
with sufficient clarity to afford satisfving 
refresher material for physicians and 
others having some scientific background, 
vet so simply as to build a tangible pic 
ture for even the lay 

The 


From 


book, 


qualifvinge — title t he 
Uphapyridine,’’ 


se 


Salvarsan. 1 S| 


justifies devotion ot all bevond the 


first 
The 
development of 
to the birth of 


and the 


TWo chapters TO chemotherapy 


early history of the 


drugs leads fascinating] 


organic chemical industry open 


Ing avenue to svnthetie chemicals in 


medicine. Domagk’s discovery of Pron 


tosil introduces the remarkable new 


class of  sulpha-drues, he storv of 


is the real excuse for publication 


which 
of this little volume 

In every step in his ace . the au 
thor attempts to lav the scientifie ground 
work for a fairly sound ekeround 


the person who has had 


This spadework f 


sclence 


svnthetic 


tation of 


Ik Sole Ways alm 


needed by anv one 
chemistry experle 
‘fie respects 
much to 


alreadcts LUN 


nsimplified 





DOS 
therapy. It would be ouly for these, for 
instance, that the Justification of pictur- 
hard 
And the value in giv- 


Ing so much space to graphic organic 


Ing atoms as spheres would be 


comprehensible. 


formulae is easily open to question. To 
the familiar 
enough with chemistry, the author had 


person who is already 


undoubtedly made clear what is meant 


hence what guide 


for therapeutic 


drues,’’ 
the 
He has shown the difference 


by ‘‘related 
there is in search 
chemicals. 
between modifications which alter thera- 
peutic properties and those which simply 


He has 


is meant by 


vet around patent restrictions. 
given some notion of what 
“the peculiar atom pattern of quinine’’ 
Which resists synthesis. He has empha- 
sized the complex nature of all these 
compounds, therefore requiring expen- 
sive synthetic processes, trained chemists 
and the need for funds. 

Not only is the last chapter devoted 
to a plea for public support of research, 
which Professor Sigerist commends in his 
foreword, but this point is made repeat- 
edly in connection with each drug dis 
cussed. 

The table of sulphonamide derivatives, 
with commercial names, is certainly re- 
vealing to the lay person and should be 
especially appreciated even by the aver- 
age physician. 

Some incidental features of the book 
deserve special commendation: The de- 
scription of what it means to assay drugs 


will interest everybody. The reasons for 


not practicing self-medication are wisely 


included in a book for public instruction. 
The constant use of mortality statistics 
in illustrating the effectiveness of biologi- 
eal products and of drugs. The discus- 
sion of control of clinical tests and the 
paragraph on estimation of experimental 
validity are excellent. The discussion of 
‘scientific method’? of approach which 
high-school science teachers will appre- 
and 
** scientific think- 


instructional purposes, 


ciate for 
which will surely make 
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ing’? more meanineful to the ever 
readers. 

There are many typographical e 
that should be corrected before the 
printing, but this comment on the 
less proofreading is not intended t 
flect on the general excellence of cont 

J. BRONFENBRENN 


ADVENTURES IN CALIFORNIA 
SCENERY! 
have 


AMERICAN veologists not | 


particularly successful in’ popularizin: 
fact, 


veologists | 


American geology; in not mal 


professional American 
attempted to make geology interesting 1 
books On the 


lavmen. I. C. Russell's 


rivers, lakes, glaciers and volcanoes of 
North America are shining exceptions 
but thes during 


period from 1895-98 in a now outmoded 


were published 
format. 

Mr. Willard’s well-illustrated book 
a popular account of California geolog 
part of which is written as an automobil 
euidebook. To geologists California 
veology is exciting, particularly On ae 
count of the crowded succession of events 
during late geologic time. It is not ai 
easy task, however, to translate the events 
history appealing to Jaymen 
‘Geology of California’’ (1933 
which is not imeluded in the bibliog 
raphy, and Reed and Hollister’s ‘*Stru 
tural Evolution of Southern California”’ 
(1936) summarize the work of California 
oil geologists, the results of which hay 


into a 


Reed ’s 


revolutionized California geology during 
the last two decades. Both of these pro 
fessional books might have been used to 
ereater advantage in the preparation o! 
‘*Adventures in Scenery.’’ Reed’s in 
aginative genius imparted to his accounts 
of geologic history an epic quality that 
would attract Javmen. 
Wii ks 
l Adventures in Scenery; A Popular Reader ¢ 
Daniel FE. Willard. ITllu 


1942, 


W OoDRING 


California Geology. 
trated. x +4388 pp. 


tell Press. 


bo FE 
$3.49. 


Jaques Cat 
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A LAYMAN’S HISTORY OF THE 
THEORY OF RELATIVITY! 


‘ur author of this excellent little book 
. for himself a double aim: to deseribe 
historical development of scientific 
thought which prepared the ground for 
he formulation of the theory of relativ- 
and to analyze on this basis the 
fundamental physical principles and 
philosophical concepts of this theory. 
The opening chapters of the book en- 
roll before the reader’s eves the picture 
of the young physical science struggling 
through the difficult period of medieval 
history, and show how hard it was at 
that time to conceive and to spread about 
the ideas which look so natural and ele- 
mentary to us to-day. The discussion 
shifts then to the more recent era, when 
the questions concerning the existence 
and the possible physical properties of 
world either came into 
This leads naturally to the 


the so-called 
prominence. 
famous experiment of Michelson which 
turned out to be a tombstone to all the 
mechanical views concerning the nature 
of light, and whose unexpected result 
represented at its time a real challenge 
to the scientific mind. The author re- 
lates farther how this challenge was 
taken up by Einstein, and how the at- 
tempt to interpret correctly this seem- 
ingly isolated physical experiment led to 
a deeply felt revolution in the entire field 
of physical science, causing scientists to 
change in a very fundamental way their 
customary views concerning space, time 
and motion. The chapters devoted to 
the more detailed discussion of the 
special and general theory of relativity 
are written in a very simple and easily 
understood way, and would give to a 
lavman, only vaguely familiar with the 
Hans Reichen- 
Philosophical 


1 From Copernicus to EBinstein. 
ich. 123 pp. $2.00. 1942, 


Library. 


facts and laws of modern physics, a very 
clear picture of ‘what it is all about 
This book can be readily recommended 
to evervbody who wants to know what 
‘the theory of relativity’’ is. 
G. GAMOW 


A YEAR BOOK OF PUBLIC HEALTH' 
A RETIRING professor recently told me 
that his life had been a very happy one 
because he had new students each vear 
learning from him things that were old 
to him but new to them, and that he him 
self had always new things to learn. 
Some of those trained in public health 
need to be reminded each vear of the new 
things they must know, as well as the 
veneral field of public health, through 
which they must guide many others. 
The 1941 Year Book of Public Health 
isa practical handbook that ranges from 
rape to Rocky Mountain fever and from 
encephalitis to fluorine. Dr. Geiger as 
editor has used his long experience as a 
health officer and 
choices of the subjects to be dealt with 


teacher in) making 
and how much space each should be 
viven. <Air-raid casualties, evacuation 
ports, bombed water mains are certainly 
timely topics for doctors, public health 
workers, nurses and those citizens en 
eaged in civilian defense work of all 
sorts. 

The world-wide spread of diseases, es- 
pecially from the tropical or subtropical 
areas, gets much less space than it will 
in the edition for 1942. Yellow fever 
and vaws get a hearing in the present 
edition suggestive of what will come in 
the vears immediately ahead. 

The book is a good and useful com 
pendium that should find wide use in this 
time of direct concern of the whole pub- 
lic in health problems. 

Ray LyMAN WILBUR 

1 The 141 Year Book of Publie Health. J.C. 
Geiger, editor. Illustrated. 44 pp. $3.00, 
1941. Year Book Publishers. 
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THE PROGRESS OF SCIENCE 


ROSS AIKEN GORTNER, 1885-1942 


(ure lamented death of Dr. Ross Aiken 


Gortner on September 30, at his home 
in St. Paul. Minnesota, removed from 


the ranks of American agricultural and 
biological chemists one of their most dis 
tinguished leaders. Gortner’s work as 
investigator, teacher and author was so 
manyv-sided that there are few branches 
of applied biochemistry in whieh his in 
fluence is not felt. 

Gortner was born at O'Neill, Nebraska, 
on Mareh 80, 1885, and at the age of 17 
entered preparatory school of the 
Nebras! devan University at Lin 
obtained his first Instrue- 
Both here 


and in the associated university he made 


coln, Where ne 
tion in elementary chemistry. 
record under 


a brilliant in’ chemistry 


Professor F. J. Alway, who appointed 
him laboratory assistant and exerted a 
friendly influence on his career, not only 
then but later, in many ways. Evidences 
of this association are a number of joint 
publications on nitroso compounds, de- 
tection of bleached flour and studies on 
After obtaining his B.S. degree at 
Nebraska Weslevan in 1907, Gortner, on 


Professor Alway’s advice, took a course 


soils. 


in physical chemistry at the University 
of Toronto, where he earned his M.A. de- 
eree in 1908 under the late Professor W. 
Lash Miller for a thesis on ‘*The Indue- 
tion of Ferrous Salts of the Reaction be- 
tween Chromic and Hvdriodic Acids.” 
lor the completion of his aeademie train- 
ine Gortner went next to Columbia Uni- 
versity, where he obtained his Ph.D. de- 
vree in 1909 under Professor Marston T. 
Bogert, for an investigation in oreanic 
chemistry ‘*On Some New Quinazoline 
Derivatives.’”’ 

The vears 1909-1914 were spent. by 
investigator in bio- 
Station for 


Gortner as resident 
chemistry at the Carnegie 


Experimental Evolution at Cold Spring 


D7] 


was during this formative 


Harbor. It 


period, when the foundations of his fu 


ture scientific career were being laid, 
that Gortner’s interest in biochemistry 
was aroused through a lasting friendship 


Dr. J 
tribute 


late 
beautiful 


which he formed with the 


Arthur Harris. In a 


To this eminent botanist (rortner wrote 
In 1936: 
For more than twenty vears IL tried t sorb 


what I could of his philosophy of life and, sit 
ting at the feet of a master, sought to learn 
from him how to integrate the indom elements 
of natural science into a complete picture of the 


biological reactions of the living organism. 


One result of this association with 


Harris was the collaboration by the two 
friends in an extensive research on the 
phvsico chemical properties of vegetable 
saps, the results of which were published 
in some twenty papers. 

In 1913 Dr. A. F; Woods, dean of the 
College of Agriculture of the University 
of Minnesota, invited Dr. F. J. Alway to 
join his faculty as professor of soil chem 
istry, and in 1914 Gortner was persuaded 
his statf as asso 
This 


his former 


to become a member of 
clate professor of the same subject. 
renewal of associations with 
teacher was a source of great satisfaction 
to Gortner as it afforded him a most fa 
both for 


research 


vorable Opportunity 
and for realizing his cherished ambition 
of becoming a teacher of science. In 
1916 he was made associate professor of 
agricultural biochemistry. His promo 
tion to professor and to chief of the Divi 
sion of Agricultural Biochemistry at the 
Minnesota Agricultural Experiment Sta 
1917—a double field of 
Gortner filled 


twents 


tion followed in 


activity which with dis 


tinction for the next five vears 


Gortner’s first biochemical researches, 


performed at Cold Spring Harbor, re 





THE SCIENTIFIC 


lated principally to animal pigments, the 
chemistry of embrvonie growth and the 
Harris on 


jomt work with J. A. vege- 


table saps. TLlis numerous investigations, 


conducted either singly or with students, 


at Minnesota comprised such topics as 


the organic matter of soils, the acid hy- 
drolysis of proteins, sulfur in proteins, 
the state of water in colloidal and liv- 
ing systems, and applications of colloid 
flour 
bread and in the investigation of plant 
In 1929 Gortner 
‘Outlines of 
which a 
peared in 1938. 


chemistry in the study of and 
and animal substances. 
Biochem- 
ap- 
with a 


published his 


istry,’’ of second edition 
This work met 
wide reception ; eight well-worn copies 
in the library of the U.S. Department 
of Agriculture bear witness of its popu- 
larity and constant use amone aegricul- 
tural chemists. 

The scientific recognition won by Gort- 
her at led to 


Services as 


Minnesota 
for 
other institutions. 


numerous. re- 
lecturer at 
Ile was the Wiseon- 
sin Alumni Foundation leeturer in 1930: 
the Priestley lecturer at 
State College in 1934: and 
Fisher Baker lecturer at Cornell in 1935 


quests his 


Pennsvivania 
the George 


36. ITlis lectures at Cornell were pub- 
lished in 1937 under the title ‘‘Seleeted 
1936 
Gortner with other colleagues at Minne- 


Topies in Colloid Chemistry.’’ In 
prepared a memorial volume. en 
titled ‘'J. Arthur Harris 
Biometrician.’? It Gort 
that 1924 
joined the faculty of the University of 


sota 

Botanist and 
through 
Harris in 


Was 
ner’s influence 
Minnesota where he was head of the De 


partment of Botany until his death in 
1930. 

Although a biochemist of the first rank 
Gorthner was never a narrow specialist 
and in his work as teacher, leeturer and 
writer the general relationships of bio- 
chemistry and other fields of endeavor 
His breadth 


illustrated in 


were constant I stressed. 


of outlook is well his ad 


MONTHLY 


dress before the Pan-Paecifie Food 
servation Congress at Honolulu in . 
1924, on ‘‘ Agricultural 
the Food 
on ‘* Biochemistry and the Proble: 


Biochen 


and Problem’’; in his } 
published in 
ScIENTIFIC MONTHLY for 1930; an 


Oreanic Evolution,’’ 
his article on ‘‘ Biochemistry and th, 
World Today’? published in the & 

Ni Quarterly for 1982. 
of scientific interests is also indieated }) 


Gortner’s ra 


the numerous societies of whieh hi 
Ile 


Association 


was a fellow of 
for the Advai 
a member of the Ame 


a member. 
American 

ment of Selence: 
ican Chemical Society (in which he hi 

numerous offices as councilor, chain 

of the biochemical and colloid divisions 
associate editor, ete.), the American S 
ciety of Biological Chemists, the Ame 
ican Society of Naturalists (of which ly 
was president in 1932), and the Societ 
of Experimental Biology and Medici 
He was also a most active member 

several honorary scientific societies, s! 

as the chemical fraternity of Phi Lambd 
Upsilon (of which he was national pres 
dent in 1921-26) and the Society ot thi 
Sigma Ni (of 
president at the time of his death 


which he was natioi 
time to adviso 
the 
tions of which he was a member, Gort 
Ile Was 
Gibbs 


medal 


In the devotion of 
and committee work for organ 
Was always most generous. 
the Willard 
award the Borden 
juries of the American Chemical Societ 
the National R 


search Council was serving at his deat 


member of medi 


and awar' 


and as a member of 
on its committees for chemical and | 
chemical nomenclature, chemistry of pi 
teins and colloid science. For his work 
in science Gortner was also the recipi 
of several honors. The honorary Se.) 
degree was conferred upon him by La 
rence College in 1932: he was elected a 
member of the National Academy of S 
ences 1n- 1935 and in May of the prese 
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he was awarded the Osborne Medal 


by the American Association of Cereal 
Chemists. 

\t the time of his death Dr. 
was engaged with his colleague Professor 
KJ. Alway on a comprehensive study 
of *The Sulfur Metabolism of Plants’’ 
a grant awarded by a committee 


Gortner 


under 
of the American Chemical Society in 
1939 from the Herman Frasch Founda- 
Under the 
collaboration of the divisions of agrieul- 


tion for Chemical Research. 


tural biochemistry and of soils at the 
Minnesota Agricultural Experiment Sta- 
tion considerable progress had been made 
concerns the 


upon this projeet which 


effect of sulfur-deficient soils on the 
growth and chemical composition of the 
Not only Gort- 


ner’s associates but the entire world of 


crops grown thereon. 
agricultural science lament the irrepar- 
which other 
pleted investigations will suffer as a re- 


able loss this and iInecom- 


sult of his untimely passing. 


Colleagues and students all speak of 
which 


the contagious love for science 


Gortner imparted to every one with 
whether in 
field. He 
life 


friendships, service 


whom he came in contact 


lecture room, laboratory or 


radiated enthusiasm and his Was 


singularly rich in 
and accomplishments. 

The influ 
ences from great teachers to their pupils 
that 
Gortner in his later vears. 


transmission of scientific 


was a subject ereatly interested 
It was made 
the theme of his lecture on ‘* Scientific 
Crenealogy.”’ The opinion of his friend 
Harris ‘‘that the teacher who lives in the 
lives of his students, and in their stu 
dents in succeeding generations, provides 
a certain scientific immortality’ finds its 
full expression in the life of Ross Aiken 


Gortner, for his memory is perpetuated 


not only in his published writings but 


in the work and careers of his many 


eraduates. 
CHARLES ALBERT BROWNE 


THE NEW YORK MEETING OF THE ASSOCIATION 


IN view of the fact that travel by rail- 
way and bus must now be reduced to a 
minimum, it is fortunate that the annual 
meeting of the American Association for 
the Advancement of Science is scheduled 
for New York City from December 28 to 
January 2, because about three thousand 
New 


immediate suburbs, 


members of the association live in 


York City and its 


and about ten thousand within three or 
four hours’ ride by train. 

New York City is a favorable place for 
holding scientific meetings because of its 
excellent educational and cultural insti 
colleges and uni 
versities that are near it. Within greater 
New York itself there are Columbia Uni 
York Hunter 


tutions and the many 


versitv, New I niversity. 


imerican VU Seu 


SOUTH FACADE OF THE AMERICAN MUSEUM OF NATURAL HISTORY 


THE MEETING PLACE OF THE SECTION ON GEOLOGY 


AND G 


FOGRAPHY AND THE SECT N ON STRO?S 





74 THE SCIENTIFIC MONTHLY 


College, the Rockefeller Institute for © Merek and Company, the Standar 

Medical Research, the great medical cen- Development Company, the At! 
ters of Columbia and Cornell Universi Coast Fisheries Company and the | 
ties, the New York Zoological Park, the = cules Powder Company. Nearly al 
New York Botanical Garden, the Brook- — directors of these laboratories and a 

lvn Botanical Garden, the American Mu- — percentage of their technical staffs 
seum of Natural History and a dozen — fellows or members of the associa 
other institutions of distinction. And — Finally, there are thousands of men 
not far distant are Cornell University, women in the New York area who 
Princeton University, Rutgers Univer- greatly interested in the progress of 


sity, Yale University, as well as several ence even though they are not pr 


well-known colleges and many high-grade — sional scientists themselves. Many 
secondary schools. In addition to these these persons will desire to attend 
centers of interest in science, there are veneral sessions at which distineuis 
several hundred industrial research lab- scientists will deliver addresses, and si 
oratories in New York and its near vicin- — of them will be interested in the techn 
itv, such as the Bell Telephone Labora- — sessions of the various sections and 
tories and the laboratories of the Barrett =the more than thirty affiliated) societ 
Division of the Allied Chemical and Dve that will meet with the association. 
Corporation, the Fleischmann Company, In addition to the foregoing positive 


wal, 


PARK AVENUE ENTRANCE OF HUNTER COLLEGE, NEW YORK 
HEADQUARTERS FOR THE BIOLOGICAL SCIENCES AT THE CHRISTMAS MEETINGS, 
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ons Why New York is a favorable 
e for holding a meetine of the asso 
the 


itive reason. 


on at present time, there is a 
It would be impossible 
to hold a great convention in Wash- 
Pittsbureh or Detroit because 
New 


Wal 


eton or 
of congestion due to the war. In 
York, however, there are few ereat 
lustries, such as those that are seri- 
slv interfering with the normal life of 
It is confidently expected 


that adequate hotel accommodations will 


other cities. 
be readily available at reasonable rates 
for all who will attend the meeting. 

But what the itself? 
Naturally many of its programs will be 


about meeting 
strongly colored by the war that now in- 
volves almost the whole world. Perhaps 
the most far-reaching of these programs 
is the svmposium on ‘‘Science Teaching 
in War Time,’ 
very great importance from the fact that 
the 
being inducted into the armed forces of 
the United States will tech- 
nical branches of the service requiring 
scientific preparation far beyond that 
them had. Since 
plans are under way for an army of over 


"a subject that derives its 


sixty-three per cent. of men now 


be used in 


which most of have 
seven million men, the problem of giv- 
ing them the 
training is far bevond the physical and 


Hence 


the schools, from secondary schools to 


necessary basic scientific 


personnel capacity of the Army. 


lniversities, must be called upon. It is 
because of the urgency of this work that 
Brigadier General Lewis B. Hershey, di- 
rector of the Selective Service Training 
System, will leave his busy desk in Wash- 
ington to appear as one of the four con- 
tributors to the symposium. 

It is obvious that mathematics, physics 
and mechanics are essential for service 
in the Air Corps, the Signal Corps and 
the Navy, but what about such a subject 
as entomology? At first thought it ap- 
pears to be a field that can be left un- 
cultivated until after the the 


close of 


war. To assume that it is not now im 


portant would be an error. Perhaps its 
most obvious practical application is in 
the health 


man 


domain of public because 


serious diseases, such as malaria 
and vellow fever, are spread by insects 
Within the past fifteen months the asso 
ciation has sold for the use of the Army 
and Navy about 2,000 copies of its svm 
posium on human malaria, a large part 
of which 


transmit malaria and to methods of their 


is devoted to mosquitoes that 
control. But entomology is of great im 
Kor 
the 
erowing 

Acute 


scarcities of some of the important mate 


portance in quite different ways. 
example, it is directly involved in 


ereat problem of protecting 


food crops against insect pests. 
rials of which insecticides are made pre 
sent a real threat to our food supply. 
Among the subjects involved in prob 
lems of importance in prosecuting the 
war are botany in connection with rub 
ber and food plants, geology as related 
to minerals, mathematics for artillery 
and navigation, psychology in questions 
of morale, engineering in industrial pro 
health of 
agriculture for 


duction, medicine in armed 


forces and civilians, 


food, chemistry in the manufacture of 


products ranging from explosives to vita 


mins, and practically all the many other 
fields of science for which the association 
affiliated that 
its meetings. War 


and the pursuits of peace alike now hang 


has sections or socleties 


present programs at 


on science. It colors philosophy and 
religion and all our ways of thinking; it 
the 


the denizen of the jungle. In 


makes interdependent scholar and 
fact, sei 
ence has integrated the world, and it now 
organizations as the 
American for the Advance 


ment of Science to serve as an. efficient 


remains for such 


Association 


inteevratine agency for science to the ad 
vantage of both science and humanity 
KY. R. Mouton, 


Permanent Seere fary 
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OLIN HALL OF CHEMICAL ENGINEERING AT CORNELL UNIVERSIT 


OLIN HALL oF CHEMICAL ENGINEERING, 
given to Cornell University by Franklin 
W. Olin, was dedicated in October. It 
will house the specialized facilities re- 
quired by the staff and students of the 
School of Chemical Eneineerine. 

The building, as designed and equipped, 
reflects both the scope and the training 
procedure of the Course in chemical eng'- 
neering developed at Cornell under the 
Kred HH. 


Industrial 


Rhoades, 
Chem 
istry and director of the School of Chem- 
The 


which leads to the degree of bachelor of 


leadership of Dr. 
Johnson Professor of 


ial Eneineering. curriculum, 


chemical engineering, is ten semesters in 
length. This long period has appeared 
necessary in order to provide the neces 
sary amount of training in basie chem 
istry and in plant engineering and then 
to integrate these into chemical engineer 
Ing procedures. 

As a student progresses in the course, 


he is required to exert an increasing de 


eree of initiative and resourcefulness. 


OLIN HALL OF 


To this end the fifth-vear men ai 
quired to work on individual proj 
Facilities to accommodate such pro 
take the 
each of which four men are assigned 


form of unit laboratories 


in which the projects may be devel 


under the e@uidance of the instr 


without other stud 


The 


responsible for all that goes on in 


disturbance by 


eroup in each unit laborator 


laboratory. Each such room is equip 
with laboratory desks and the customat 
supply of electricity, gas, water and 
Each laboratory is also provided wit 
hood, and there are available connect 
for drainage and exhaust from. sp 
apparatus that may be erected. 

In further support of the progran 
ana 


the development of initiative 


sourcefulness, there is provided a tl 


story unit) operations laboratory, 


vether with an auxiliary 


machine shop and wood shop, in wl 


pilot plants may be designed and erecte: 


to test under operating conditions 


CHEMICAL ENGINEERING AT CORNELL UNIVERSITY 
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PARTICIPANTS IN 
Left to right: 
OhN OLIN, 


THE 
HOWARD E, BABCOCK, CHAIRMAN OF 
THI THE NEW 
rHE B. F. GOODRICH COMPANY, 
rH 


SON OF DONOR OF 
PRESIDENT OF 


HOLLISTER OF 


plant design developed under the stu- 
dent’s project. The laboratory houses 
large pieces of equipment, such as evap- 
orators, stills, absorption towers and 
filter the 


operation of pilot plants can be studied 


presses, upon which actual 
to secure accurate examples of perform- 
ance of similar full-size plants for com 
merelal manufacture. This laboratory 
also provides facilities for groups of stu 
the 


squad plan to run tests upon single pieces 


dents organized on foreman-and- 
of specialized plant equipment. 

Since Olin Hall is designed to accom- 
modate 450 undergraduates and a pro- 
portionate number of graduate students, 
care has been taken to avoid congestion 
To this end, 


three of the four lecture rooms, a work- 


in the halls between classes. 


ing library and reading room, three of 
the five recitation rooms, and the compu- 
tation room have been placed on the 
first floor of the main wing, within easy 
reach of the main entrances. 


and 


Evestrain 


other discomforts are avoided by 


constructing the lecture rooms without 
windows and furnishine artificial illumi- 


DEDICATION 


BUILDING ; 
WHO MADI 


COLLEGE O} 


CEREMONIES OF OLIN 
BOARD OF TRI 


PRESIDENT FE. E. 


HALL 


THI 


STEES OF CORNI 
DAY; JOHN 
THE PRIN¢ 
ENGINEERI) 
nation at a uniform level. Temperature 
and ventilation con 
trolled. 

Special laboratories are well-equipped 


metal 


are automatically 


for work in chemical microscopy, 
lurev and metallography. Facilities are 
provided for the grinding and polishing 
of specimens. A wide range of equip 
ment is provided for training the student 
In the necessary photographie techniques 
emploved in these laboratories 


An important detail of construction is 


Lamb 


block for 


the use by the architects, Shreve, 


and Harmon, of cinder concrete 
These surtaces 


all interior wall surfaces 


are then spray-painted to obtain the de 
The 
texture ot these blocks IS fT 


sired color effect of the porous 
o provide ad 
mirable acoustics throughout the build 
Olin Hall first of the 


eroup of buildings contemplated for the 


ne. is the new 


college of eneineering at Cornell Univer 


sith The entire project is laid out on 
the same functional basis as the design of 
Olin Hall. 

Houuister, Dean 


N ¢ 
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THE POTOMAC RIVER IN FLOOD 


On the twelfth of October, 1942, a the stage was set for the highest 
tropical disturbance moved inland over of record in parts of the Potomac 
the North Carolina Coast and dissipated. © Rappahannock River basins, the 

A cyclonic circulation, established by waters of the Potomae reaching its 
this disturbance, persisted until the 17th, at Washington, D. C., on the mon 
with its center over southeastern Vir of October 17. 
vinia. The tropical disturbance carried The rains were heaviest during 
with it a very deep current of moisture- — fourteenth to the sixteenth and the n 
laden air which extended over the head- | imum precipitations were recorded « 
waters of the Potomac River. A: stae the watershed of the Shenandoah R 
nant antievclonie circulation over the which flows in a northerly directior 
northeastern United States helped to in join the main Potomae River at Hary 
tensify the pressure gradient over north- = Ferry, West Virginia, and in the hi 
ern Virginia so that persistent easterly waters of the Rappahannock Ri 
winds were forced to rise and release — Official records of the Weather Bui 
very heavy rains over the windward — indicate that more than 17 inches of 1 
slopes of the Appalachian Mountains. — fell in the vicinity of Front Royal, \ 
These rains combined with other convec- ginia, and nearly 19 inehes at Big 
tive showers, caused by lifting and con- Meadows, Virginia, during the. stor 
vergence of the moist air brought in by — period. An unofficial measurement 
the tropical disturbance, to produce a 27 inches was reported from a_ point 
four-day period of record rainfall. Thus few miles north of Front Roval. 


l 


POTOMAC RIVER AT GREAT FALLS AT THE HEIGHT * THE FLOOD 
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highest stages ever known o¢ 
River: at 
that 


river reached a peak of about 46 


ed in the Shenandoah 


rton, Vireinia, it is estimated 


based on the Weather Bureau eae 


" 
The waters were too high 


hat point. 
llow the eave to be read at the time 

he flood peak, but the elevation was 
termined from flood marks. In. the 
at flood of March, 1936, a crest stage 
7.) feet was reached on the Riverton 

In the history of Potomac River floods, 
durine the period in which records are 
airly well known, two floods have had 
prominence, These were the great floods 
of June, 1889, and March, 1936, and both 
were of about the same magnitude. In 
1889 the flood in the Potomae was some- 
what overshadowed by the much ereater 
disaster at Johnstown, and in 1936 severe 
Then 


floods occurred in the 


foods were even more wide-spread. 


record-breakine 


FLOOD SCENE IN 


SCTENCE 


Ohio River headwaters at Pittsburgh, in 
the Susquehanna River in Pennsylvania 


and New York, in the 


other rivers in New Eneland,. and in the 


Connecticut and 


James River at Richmond 
However, in 1942 the extremely heavy 
were almost confined to 


rains entirely 


Virginia, and except for the 
flood in the 


Fredericksburg, 


northern 
damaging Rappahannock 
River at Virginia, and 


neighboring points, the spotlight was 
turned on the Potomac and Shenandoal 
Rivers. The flood 
Washington to produce a higher stage 
The stage 
Water 
the foot of 
Wisconsin Avenue on October 17, 1942, 
third of a foot higher than the 
mark set in March, 1936. 

Precautions to protect the city against 
1936 


then 


waters moved On 
than had ever been recorded 
of 17.5 feet above Mean Low 


the Georgetown channel at 


Was a 


floods had been taken even before 


and had been improved since 


POTOMAC VALLEY ABOVE WASHINGTON, 
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A VIEW OF THE FLOODED STREETS OF BLADENSBURG, 


These were mainly in the form of raised 
embankments and levees and improved 
channel conditions. However, with the 
vreatly increased industrial and govern- 
mental establishments in Washineton, 
with the need for temporary levees in 
certain instances and with the usual en- 
croachment on the flood plains of rivers 


by peoples, it was necessary to warn resi- 
this city and 


dents and industries of 
nearby towns that the Potomae River 
and its tributaries were to overflow their 
banks in the biggest flood since 1936 
Flood 
of the 
meteorology. 
the U. S. Weather Bureau forecast river 
stages and flood series of 
computations in which the known quan- 
tities are the height of the stream far- 
ther up its course, precipitation in the 


forecasting is founded on two 


older sciences, hydraulics and 


Hvdro-meteorologists of 


erests by a 


watershed and the river’s past perform- 


ance. 





Gages at strategic points along 


Washington Evening Star 


MARYLAND 


the river and its tributaries provide the 
necessary information on river 
and a network of rainfall stations over 


Stages 


the entire watershed furnishes the data 
on precipitation. 

The river gages and the rainfall gages 
are usually read by a part-time Weather 
Bureau emplove living nearby and the 
readings are reported by telephone o1 
telegraph to the Weather Bureau office 
at regular intervals or when requested 
The two 
main Classes are the recording and the 
Non-recording river and 


Gages are of several types. 


non-recording. 
rain gages are read by observers at desig tape. 
nated intervals and these readings for eve] 


the record. Recording gages automat spon. 
cally measure the rise and fall of tl! 

stream, or the fall of precipitation, on a 
The sheets ar 


by tl 


SIQN<E 


continuous record sheet. 


taken out from time to time 


observer. 
Automati¢ river gages also are used 
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BARRICADING A STREET 
which the recording end at the river’s 
edge measures the stream’s rise and fall 
and transmits the record by leased tele- 
phone lines to the receiving end of the 
instrument in the Weather Bureau office 
some distance away. 

Another type of automatic river gage 
which was used to great advantage in 
the present flood is a device whereby 
signals may be obtained from the gage 
by telephone indicating the stage of the 
river in feet and tenths or hundredths. 
The mechanism which transmits the sig- 
nal is activated by a float attached to a 
The float rises and falls with the 
level of the water in a stilling well corre- 
The 


signals transmitted vary in sound or in 


tape. 
sponding to the stage of the river. 


time interval depending on the stage of 
the river. The gage house is called as 


in making an ordinary telephone call. 


Washington Evening Star 


IN WASHINGTON AGAINST THE FLOOD 


As the telephone rings another auto- 
matic device raises the receiver and at 
the same time the signaling mechanism 
begins to operate and the signals are 
heard over the telephone. 

Any type of gage is often damaged or 
put out of commission by severe floods 
Even rain gages are sometimes ‘flooded 
or washed out by high water. In the 
1936 flood the automatie recording river 
Washineton failed to function. 
present flood, 
stages were obtained by telephone, 24 


vacve at 
However, in the river 
hours of the dav and as often as desired, 
Washineton 
above the 


from and an 
other 


city. 


the wage in 
| 


located about 6 miles 


At the same time a pen in each of 
these gage houses traced out the con 


tinuous rise and fall of the stream on a 


record sheet. ’ 
BENNETT SWENSON 
U. S. WEATHER BUREAIT 
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GEOGRAPHY AND TOOTH DECAY 


Because tooth decay is such a common 
disease, there is a general tendency to 
believe that all individuals and LTOUps 
In the population are affected ino much 
the same deeree. There is considerable 
evidence to indicate that such a conelu- 
Sion IS Inaccurate. 

Significantls less tooth decay is found 
among Lroups who reside in certain eeo- 
vraphic areas and, therefore, are exposed 
to specific environmental influences char- 
acteristic of these regions, than is found 
among other groups living under what 
are, apparently, much less favorable con- 
ditions. The record of physical exami- 
nations for military service outlines this 
sittration, 

Durine the last World War, data were 
collected from draftees which show a 
wide sectional difference in the rate per 
thousand of men rejected for ‘* defective 
and deficient’? teeth. It is true that dis- 
eases Other than tooth decay would con 
tribute this 


tvpe of ‘‘unfitness.’? Yet it is believed 


to the conditions causing 
that among the particular age groups 
involved, the effects of dental 
other than tooth decay upon the rates 
minor that thes 
‘Defective and deficient’ 
eighth amone the thirty- 


cliseases 
would be so may be 
disregarded. 
teeth 
seven items which were listed as leading to 
Of men 
from the forty-eight states and the Dis- 


stood 
rejection for physical unfitness. 
trict of Columbia, the mean rate was 24.2 


The dis 


ranged be 


per thousand men examined. 
tribution this 
tween 2.90 for Arkansas and 102.85 for 
The New 


a unit, outranked all others, 


about mean 


Vermont. Kneland states, as 
while the 
states of the South and Southwest were 
consistently low on the seale. 

In the Civil War, the condition cde 


scribed as ‘‘missine teeth’? contril 
significantly to physical unfitness a 
drafted fron 
1863 and 


dental de! 


the men who were 
states during 
The rejection rate for 


90.49 per 1.000 examined, stood fi 


northern 


in magnitude amone the sixteen 
listed as leadine to rejection. It 
that that 
differences between Val 


noted at time there 
marked 
men rejecter 


New I) 


eland, when compared with those of th 


the number of 
The men of 


states in 
for this defect. 
states, were found to have th 
teeth. Amone the 
the drafts of the two 


other 
poorest states 
tributinge to 
riods, there is striking agreement in thy 
order in which the rates fall when liste: 
according to magnitude. 

Sufficient data from the present draft 
are not vet available to allow a reliabl 
regarding the 


conclusion to be drawn 


current situation, but preliminary r 


ports indicate there will be a comparable 
** defieient 


distribution of rejection for 
and defective’? teeth. 

The dental defects which cause men t 
be physically unsuited for military set 
vice are not likely to have started then 
the adult, but in the 


Extensive surveys among cl 


development i 
vouth. 
dren of school age indicate a relation 
ship of caries attack to geographic lo 
tion that is similar to that obtained fron 
war records. For example, among boys 
age of 13, residing 


100,000 in’ Florida, Vir 


vinia and Massachusetts, the mean niu 


having a mean 


cities of over 


ber of caries-attacked permanent. tect! 
per child was found to be 3.1, 4.2 a1 
Similar differen 
have been noted among children of ot 


Bion R. East 


5.7, respectively. 


states. 
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Cranbrook 


The Vertebrate Eye. (. L. 


KOO, 


WALLS. 


xiv + 785) pp. August, 1942. 


Institute of Science. 


The vertebrate eye and its adaptive radiation are 


discussed in three main sections: the fundamental 


background information, the environmental reasons for 


evolutionary changes, and the history of the eye traced 
from the lowest living vertebrates to the highest. 


The Dictionary of Philosophy. Id. by D. D. 
1942. 


RUNES. 343 pp. $6.00, Philosophical 


Library, 


The aim of this dictionary is to provide teachers, 


students and laymen interested in = philosophy with 
correct definitions and descriptions of the philosophical 
terms throughout the range of philosophical thought. 
In the volume are represented all the branches aS well 


as schools of ancient, medieval and modern philosophy 


On Growth and Form. |). 
trated. 1116 pp. $12.50. 


Illus 
Mae 


W. THOMPSON. 
August, 1942. 


millan (Cambridge 

This volume covers biological problems of growth 
and form, and form and function, in their relation to 
physical principles and mathematical laws. The phys 


ies and mathematics used are elementary, but ad 
vanced enough to throw light on fundamental biologi 


cal problems. 


Climate 


$1.75. 


and Man. 


1941. U.S. 


Illustrated. xi + 1243 pp. 


Government. 


Designed to aid farmers, a large part of this volume 
is devoted to a detailed discussion of the relation of 
climate and weather to crops. The second half of the 
book contains maps and tables of data on climate in 
all parts of the United States intended to assist farm 
operations in agricultural communities 


The Social Life of a Modern Community. 
WARNER and P. S. Lunt. 


1941. Yale. 


[llustrated. 


pp. $4.00, 


The authors write of a class hierarchy in 
people of the American town are distributed 
six social strata, with most of the social bel 
fluenced by class factors. The volume is tl 
the six-volume “Yankee City Series.” 
Motivation 


and Visual Factors. Bere 


others, xix +3867 pp. 1942. Dartmouth. 


The authors of this volume, through the 
psycho-portraits based upon tests, interviews 
autobiography, have arrived at the coneclus 
visual factors, even extreme deviations, do no 
of themselves cause maladjustment. The rey 
been drawn from the study of twenty college s 
Benjamin Franklin’s Experiments. Ed 


BERNARD COHEN. Illustrated. xv 153 pp. 


Harvard, 
This work includes a new edition of Frankl 


periments and 
with a 


Observations on Electricity 
four-chapter introduction by Mr. Col 
purpose of which is to prepare a scientific 
graphical background for the presentation of 


lin’s papers 


The Pigeon. W. M. 
1941. 


LEVI, Illustrated. 


512 pp. F10.00, R. S. Bryan. 

The author presents for those who, like hims 
relaxation and stimulation in the hobby of pie 
ing, a book which covers such topies as the 1 
ship of pigeon and man; breeding and care, a! 
physiology, genetical variations, behavior, et« 


600 pictures and diagrams illustrate the text 


Books previously announced will be given space six times on this page for $12.00 
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| The Milky Way Sky says: “The subject matt of The Milky Way 
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( | 96 Illus. 204 Pages: $2.50 better job of it than Dr. and Mrs. Bo 
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110 Hlus., 293 Pages; $2.50 oe ee eens 
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H0 SECTION G 
Specially Assembled Abstracts of 
FOOD and NUTRITION RESEARCH 


Beginning January, 1943—Price $6 per volume (Foreign $6.50) 


Section G will contain all the abstracts on the biological aspects of food technology, 
food microbiology, human and animal nutrition, vitamins, and the scattered bio- 
logical literature that pertains to research on nutrition and foods. Subscriptions 


entered now will not be billed until after Jan. Ist. 
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Philadelphia, Pa. 

















Crown Jewel 


HIS is a chunk of optical glass. It has been 
broken out of a porcelain pot which came from 

the furnaces of the Bausch & Lomb Glass Plant. 
It may be destined for use in binoculars—the 
long-range eyes of Army and Navy. It may be one 
of the types of glass that comprise the optical 
system of a medical research microscope. Or it 
may go into service as a range-finder prism, finished 
to accuracy limits of one second of arc, an error 
so small that it amounts to only one foot in 39 miles. 
Fathered by William Bausch, the B&L Glass 
Plant was born in 1914. Under impetus of glass 
shortages in the first World War, it grew to full 
manhood. Research and development have con- 
tinued without interruption since, so that today 
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HE Ariny{Navy “E” Flag, with 

two stars added, signifies con- 
tinuous achievement in Production 
for Victory This is the fourth in a 
series of “E’’ awards received by 
Bausch & Lomb and its employees 
since the summer of 1941, 


for Victory 


America need not look beyond her own borders 
for an adequate supply of this essential war material. 

One hundred ten types of optical glass come 
regularly from the Bausch & Lomb furnaces, t 
provide the various refractive indices and disper 


sions required in the lenses and prisms for thou 


sands of scientific instruments. 

For a quarter of a century, Bausch & Lomb ha 
dedicated itself to the task of perfecting and pro 
ducing optical glass—that America may nevé 
again be deprived of this prime military essentia! 


BAUSCH & LOMB 
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INSTITUTION 
RESEARCH, 


SCIENTIFIC 
EDUCATION, 


AN AMERICAN 
FOR MILITARY USE, 


PRODUCING 


GLASS AND INSTRUMENTS 
EYESIGHT CORRECTION 


OPTICAL 


INDUSTRY AND 
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EASTMAN 
HIGH-RESOLUTION 
| PLATE 
For graticules and other purposes 
requiring the resolution of a fine 
structure of sharp, dense lines 
, HIS PLATE has the extraordinarily high resolving power 
ay more than 500 lines per millimeter—-a value far 
greater than is attained by any normal photographic lens. 
It has high maximum density and good sharpness, and is 
very clean-working. Its speed is naturally low-—about that 
of contact printing paper. 
” The Kastman Iigh-Resolution Plate is regularly furnished 
a with orthochromatic (G-type) sensitizing and antihalation 
. backing; however, other sensitizings may be obtained on 
-_ special order. Further information will be forwarded promptly 
: upon request. Please indicate on orders if plates are to be 
used in making graticules. 
) 
3 
a EASTMAN KODAK COMPANY 


Research Laboratories Rochester. N. Y. 
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“The Invisible 


When you look at a rainbow in 
the sky, you see nature perform- 
ing a fascinating experiment in 
optics. Tiny drops of moisture, 
acting as prisms, have broken 
the bright sunlight into its com- 
ponent parts. 

The familiar white sunlight is 
really a combination of many 
rainbow bands of color, making 
up the visible portion of the 
Photographic Spectrum. 

But there’s another rainbow in 
nature...an invisthle rainbow 
that benefits all mankind. 


This is the complete Electro- 
magnetic Spectrum, with 
bands of radiations that stretch 
out in an infinity of wave lengths 
on both sides of the Photographic 
Spectrum. 


To the right of the Photographic 
Spectrum lie the shorter wave 
lengths of the Ultraviolet Spec- 
trum. Here we find the invisible 
radiations that make fluorescent 
tubes glow . . . erythemal rays 
that tan the skin. . . bactericidal 
rays that kill air-borne bacteria. 


Further to the right is the 
X-Ray Spectrum still 
shorter radiations that science 
has harnessed to diagnose and 
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The tnfrered Spectrum 


The Ultrevioter Spectrum 
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ELECTROMAGNETIC SPECTRUM 
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Rainbow that benefits all mankind“ 


heal many human ailments. . . 
rays that penetrate heavy armor 
plate. 

At the very end of the scale 
are the Cosmic Rays... 
known, mysterious cosmic par- 
ticles that constantly bombard 
the earth. 


un- 


To the left of the Photographic 
Spectrum are the longer wave 
lengths of the Infra-red Spec- 
trum... invisible radiant heat 
waves from the sun that pene- 
trate window glass rays 
emitted by electric heaters and 
steam radiators to help warm 
our homes. 

Next, is the Radio Spectrum 
... Micro-waves that guide planes 
and ships to their destinations 
. . . longer waves that bring us 
radio entertainment. 

And finally, the longest waves 
of all, the Induction-Heating 
Spectrum .. . extensively em- 


Westinghouse 


ployed by industry in the anneal 
ing and heat treatment of metals. 
. . . 

Westinghouse Research Engi- 
neers have played a major part 
in exploring and putting to us¢ 
ful work the myriad radiations in 
the Electromagnetic Spectrum. 

As a result of the ‘‘know how” 
gained through years of experi 
mental work in the Westinghouse 
Research Laboratories, these 
scientists have prepared a full 
color chart which illustrates and 
explains every phase of the com 
plete Electromagnetic Spectrum 


How to get this fascinating chart 
The Electromagnetic Spectrum 
Chart, size 30" x 40", lithographed 
in 8 colors on heavy linen, is now 
offered to engineers and scien 
tists for only $2, postage prepaid. 
Address: Department 6N-17 
Westinghouse Electric & Manu 
facturing Co., East Pittsburg! 


Pennsyivania. 
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THE SMITHSONIAN INSTITUTION 


HE SMITHSONIAN INSTITUTION arose from James Smithson’s states- 

manlike bequest ‘‘for the increase and diffusion of knowledge among 
men.” The foundation originally was $550,000. It is now about $2,000,- 
000. The art galleries of Freer and Mellon, the art gifts of Kress, Gellatly, 
Evans, Johnson, and others, the gem and mineral collections of Lea, Roeb- 
ling, and Canfield are also legally the private property of the Institution, 
together with specimens in the National Museum valued at millions of 
dollars. The Institution developed privately the National Museum, the 
National Zoological Park, and seven other bureaus which, becoming of 
national importance, are now supported mainly by Government appropri- 
ations. They remain, however, under the administration of the Smith- 
sonian Institution, whose reputation for honesty, efficiency, and frugality 
in administering Government funds is recognized. 


Wide free distribution of its own publications, linked with the inter- 
national exchanges of scientific literature, has built up the great scientific 
library, largely contained in the Smithsonian Deposit in the Library of 
Congress. Hardly a textbook or reference book exists which does not draw 
upon Smithsonian publications. About 40,000 sets of the privately pub- 
lished 12-volume Smithsonian Scientific Series have yielded about $250,000 
in royalties to Smithsonian resources. The Smithsonian Annual Reports, 
the Institution’s correspondence, and its weekly radio broadcasting series 
“The World is Yours” are useful means for “diffusion of knowledge.” 


The radiation programs of the Astrophysical Observatory and the Di- 
vision of Radiation and Organisms and the archeological and ethnological 
researches of the Bureau of American Ethnology are well known. Alone 
or cooperatively, the Institution takes part in twenty-five or more explor- 
ing and collecting expeditions each year. As the national repository of 
specimens of fauna, flora, mineralogy, geology, anthropology and arche- 
ology, the Museum is a center of research. 


The Smithsonian Institution is the ward of our Government, under 
an eminent Governmental! Board of Regents. Its executive officer is the 
Secretary. The Regents and Secretary are so well advised by able invest- 
ment counsel that the various endowment funds have been increased 
materially. 





The attention of donors is invited to this national yet private institu- 
tion, safe, successful and perpetual, as a worthy recipient of gifts and 
bequests “for the increase and diffusion of knowledge.” 













































The Theory 
of the Photographic 
Process 


By C. E. KENNETH MEES 
Vice-President in charge of Research and Development, 
Eastman Kodak Co. 


Written by the outstanding expert in the field, this new 
book is a necessary reference volume for everyone interested 
in photography and the photographic process. The chap- 
ters are grouped under six main sections: The Photographic 
Material, The Action of Light, Development and the After 
Processes, Sensitometry, Photographic Physics, and Optical 
Sensitizing. The book has over 400 illustrations and dia- 
grams, all of excellent quality. 


Published October 20th. 1124 pages. $12.00 








On 
Growth and Form 


By SIR D’ARCY W. THOMPSON 


This well-known book deals with the biological problems of 
growth and form, and form and function, in their necessary 
relation to physical principles and mathematical laws. It 
has been out of print and very scarce for many years, but 
now at last has been carefully revised, reset, and consider- 
ably enlarged. 


On Growth and Form still deals with its subject in a simple 
way; the physics used is elementary, the mathematics easier 
still, but they are enough to throw light on fundamental 
problems of biology. 


THE j The author deals with the whole universe of created things, 
MACMILLAN from the sub-microscopic virus to the spiral nebula, and 
COMPANY shows the mathematical laws which govern their rate of 
60 FIFTH AVE. growth and the shape which they take. 
NEW YORK 
116 pages. 554 figures. $12.50 














